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ABSTRACT 
Of a Cooperative Study in Construction Methods Made by the Small 
Homes Council, University of Illinois, in Cooperation with the Of-
fice of Technical Services, United States Department of Commerce. 
Three frame and three masonry houses were constructed by a variety of 
techniques in order to determine what assembly methods, or combination of 
methods, would yield the lowest cost structure. In order to compare methods 
more exactly, an accurate time-study was made covering all operations at the 
construction site. The combination of methods giving the minimum number of 
man-hours resulted in a saving of nearly twenty per cent of the total on-job 
labor. No special tools, mass buying or mass assembly were tried. All im-
provements were limited to such techniques as could be practiced by a builder 
who constructs from one to four houses per year. 
Greatest savings were obtained when all materials possible were cut from 
schedules and detail drawings, rather than from field measurements taken as 
the job progressed. Pre-assembly of parts, both on the site and off the site, 
follows naturally after pre-cutting of material. 
The "single room" technique was used with great success. With this tech-
nique, exterior walls and roof are erected first. Before any interior parti-
tions are erected, wall finish material, ceilings and finish floor are in-
stalled; plumbing, heating and wiring are started. Roof trusses make the 
"single room" technique possible and, in themselves, offer a means of saving 
both material and labor. 
Engineered plans - detailed to take advantage of advanced modular 
materials construction methods and the savings possible by their use - are a 
primary requisite to cost reduction. Selection of materials which lend them-
selves to modular construction methods is likewise a prerequisite. 
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I. FOREWORD AND PURPOSE 
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The total construction cost of a single-family home is materially af-
fected by the methods employed by the contractor. His skill in organizing 
the job, directing the flow of materials from the local yards to the site, 
handling the materials at the site, as well as his construction techniq~es, 
will be reflected in the total man-hours of labor required to build the house. 
Many large housing projects, both public and private, have received care-
ful study while in the planning stage in order to reduce the waste of material 
and labor. As a reeul t of these studies, large operators building several 
hundred houses at one time have been able to make substantial savings through 
increased efficiency. Results of such studies , however, are not available to 
the small home builders who construct one to twenty houses per year. Further-
more, there has been no evidence that these labor and material saving methods 
would bring about appreciable savings unless they were applied to projects in-
volving several hundred dwelling units. 
This report is based on a research program in site fabrication methods 
sponsored qy the United States Department of Commerce, Office of Technical 
Services, Industrial Research and Development Division, Ely C. Hutchinson, 
Chief, in cooperation with the Small Homes Council of the University of Illi-
nois, Urbana-Champaign, Illinois, William H. Scheick, Coordinator, together 
with the Producers' Council, Inc., and the National Retail Lumber Dealers As-
sociation. The primary objective of the program was to determine what labor-
saving construction techniques could be used by the small builder and to es-
tablish the savings resulting from modular dimensional coordination. 
A. The Proposal 
Under this program, it was proposed that six identical houses - three of 
masonry construction and three of frame construction - be built in pairs. It 
was further proposed that the first pair, consisting of one frame and one 
masonry house, be built by a qualified building contractor, employing only such 
labor, tools, and equipment as are normally available. During the construction 
of this pair of houses, an accurate time-study would be kept so ·that a record 
of the individual operations and the total time involved would be available as 
a basis of comparison for later similar studies. 
After the first two houses were well underway, a second identical pair 
would be started. In this pair of houses, construction techniques and methods 
would be adapted from the methods used by larger operators. Again, a complete 
record of the time for each operation would be kept and a comparison would be 
made with the similar data obtained during the construction of the first pair 
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of houses. Techniques used on the third pair of houses would be adjusted in 
the light of the findings from the construction of the second pair. Time-
study data taken during the erection of these houses would enable a complete 
comparison to be made. 
It was proposed that during the project period, members of the Producers' 
Council and other interested groups should be info~ed of the progress made, 
and that they should from time to time, assist in determining changes in pro-
ject policies. 
B. The Accomplishments 
1. The establishment of a method for recording time-study data on build-
ing pro-jects which ·can be taken as a basi~ for future work of this type · 
throughout · the industry. , . 
2. Collection of a complete record of time values for the construction 
of one pair of houses in which conventional methods were used. 
). The collection of similar time values for the construction of four 
houses in which improved construction methods were used. 
4. Establishment of need for further study of problems arising from 
variations in the physical size of various building products. (This is par-
ticularly important in connection with the increase in modular planning and 
use of modular-sized material.) 
5. Evidence that costs can be reduced through the use of material and 
labor-saving practices involving new techniques. 
6. Recommended new techniques : 
(a) 
(b) 
{c) 
(d) 
Tip-up exterior wall assembly. 
Use of roof trusses and pre-assembled gable ends. 
Omission of interior partition until wall, ceiling, and 
finished floor are in place. (Also mechanical trades in place.) 
Use of cut~ing schedules and detailed layouts. 
II. PREVIOUS INVESTIGATIONS 
In the past, research in housing has been primarily concerned with ma-
terials (often of only one 11 trade name" product), or it has been a privately 
financed and privately reported investigation of value to one company only. 
It is hoped that this project may mark the beginning of a new era in housing 
research, based on the study of materials used in combination, and on the 
methods used for their field assembly. 
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III. DESCRIPTION OF THE INVESTIGATION 
A. The Houses 
The "industry-engineered house", des.igned by A. Gordon U>rimer, Architect 
for the Producers' Council and National Retail Lumber Dealers Association, was 
used for all six of the research structures. It is an L-shaped, five-room 
house with a floor area (interior) of 768 square feet - similar in size and in 
number of rooms to thousands of houses that are being built throughout ·the 
country. At the time this investigation was started, it was perhaps the most 
thoroughly studied house plan available to the public. The house plan and 
1 const~ction details used modular dimensions for all material possible. Care-
fully prepared detailed drawings of framing, interior wall finish, window de-
tails, masonry wall layouts, etc., were available from the various companies 
cooperating with the Producers• Council ~nd the National Retail Lumber Dealers 
Association in the "industry-engineered house" program .• 
The technical committee of the Producers' Council, Harry C. Plummer, 
chairman, and the construction subcommittee of that group with Dudley T. 
Colton a$ chairman (see appendix for complete committee personnel), set up 
the material specification to be used on all houses. A combination of ma-
terials, representing those which an average homeowner might select, were 
chosen. These included both modular (sheathing and wallboard) and non-modular 
(wood roof sheathing and wood siding) materials. T~e specification outline 
listed all of the major materials to be used but included no detailed specifi-
cation for such items as sand, gravel, etc. 
Aa the work progressed, the assembly methods tested were those recom-
mended in the "industry-engineered house 11 program and those suggested by the 
technical committee of the Producers• Council and the Small Homes Council. 
The first pair of houses were built from standard 11house plans u. These 
included the basement floor plan, first-floor plan, four elevations and a 
section - all at a scale of i" equals 11 ·011 • A wall section from the sill 
through the cornice was shown at a scale of li" equals 1' -0" • · 
For the second and third pair of houses, the contractor was supplied with 
more detailed drawings covering: (1) the size and location of every piece of 
framing in the exterior walls and partitions, (2) every piece of wallboard and 
wall sheathing and (3) the cutting schedule for all the dimensional lumber. 
These were ~repared by the Small Homes Council in cooperation with the various 
material manufacturers associations involved'. A heating layout, using gravity 
warm-air heat with an oil-burning furnace, was prepared by the Small Homes 
Council and was used for all six houses. Similar drawings were made for the 
plumbing and electrical wiring. 
Copies of all these drawings~ cutting lists, and specifications are at-
tached to this report. 
B. The Contractors 
In view of the fact that the Small Homes Council was to control techniques 
and methods of procedure throughout the project, it was impossible to secure 
fixed bids for any major eontract. Due to the nature of the research work, it 
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was necessary to contact a number of organizations to determine whether they 
were willing to undertake the project, knowing the limitations involved. 
Bids were taken on a cost-plus-fixed fee basis and the contract for the gen-
eral work in the construction of the houses was awarded to R. E. Worsham of 
Champaign, Illinois. He is a ~mall contractor specializing in residential 
construction. He employs union labor and subcontracts many of his trades, a 
practice which is common in this area. 
The plumbing contract was awarded to the Reliable Plumbing and Heating 
Company of Champaign, Illinois, on a cost-plus~percentage basis. This com-
pany does the usual maintenance, repair, and new construction work. The heat-
ing contract was awarded to F. R. Inskip of Champaign, Illinois, on a cost-
plus-percentage basis. The electric contract was awarded to R. A. Bland of 
Champaign, Illinois, on a cost-plus-percentage basis. 
All four of these organi~ations were regarded by the Small Homes Council 
as typical of the contractors who are engaged in small house construction. 
C. Recording Methods 
Prior to July 1, 1947, when construction on the test houses was started, 
a time-study crew was assembled, and recording techniques were developed and 
tested on construction projects ~nderway both on the campus and in surrounding 
areas of the city. The men chosen for the time-study crew were University 
students working on a part-time basis; either student engineers and architects, 
interested in construction methods, or students from the school of commerce 
interested in time-study techniques. They had no contact with the workmen 
from a supervisory standpoint, nor did they control assembly techniques. They 
recorded the time required for eac~ part of the work and noted unusual condi-
tions. 
It was agreed that the time-study data should be made as detailed as 
possible. In view of the fact that most construction operations are not re-
peated in a uniform cycle (comparable to machine operations .in which the cycle 
is reasonably short and is repeated thousands of times during the day), it was 
impossible to design the study so the time for each motion of a worker was re-
corded. It was found during the preliminary studies that one time-study man 
was able to follow the activities of two craftsmen and occasionally three, de-
pending on the nature of the work. 
A list of operations representing the divisions or units into· which the 
construction was divided was prepared and used for all six houses {Appendix 
A). These operations represented either distinct~~' such as the electri-
cian, or definite divisions of the ~ on which a variety of construction 
methods were to be used, such as roof framing. 
The work of each operation was, in turn, divided into a series of~­
~ or subheads, which were the basic processes to which most construction 
work can be reduced. Each element was given a code number and was used with 
the same numbering throughout all trades (Appendix B). It should be noticed 
that some elements apply to all trades - i.e., Element No. 1 TOOLS, which in-
cludes getting, cleaning, adjusting, returning, or lubricating; and Element 
No. 2 MATERIALS, which includes unloading, stacking, moving or getting, return-
ing, covering, etc. On the other hand, Element No. 5 MARK AND SAW, applies to 
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limited trades only - mainly to the carpenter, but also to the plumber when 
sawing copper water-pipe. 
Occasionally one element represents a different type of work when used 
with different trades. For example, Element No. 37, SET.GLASS, PUTTY NAILS, 
CRACKS, JOINTS, ETC., obviously means "set glass" when it appears under the 
glazers classification (Appendix No. 47). Equally obviously, it refers to 
puttying nail heads and cracks when it appears under taping of wallboard 
joints (Appendix No. 21). 
D. Recording Procedure 
A series of printed forms was developed to assist the time-study men in · 
recording the actual progress of the job. The first of these forms was the 
Time-Study ~ (Appendix C), which was used at the construction site. In 
the form of a pad, it was clipped to a board which also held a stop watch 
graduated to 1/1000 of an hour. 
The operation was indicated at the top of the time-study sheet together 
with the name of the time-study worker, the date, the number of sheets in a · 
particular operation, and any unusual condition. Sometimes one operation 
covered several days, not necessarily consecutive. The name of the workman, 
or some other method of identifying him, and his trade or classification, 
(either skilled or unskilled) was indicated at the top of the column marked 
"Workman". In the first line of this column, the time-study operator indi-
cated the element involved, and in the next column, the stop-watch reading. 
Vfuen the workmen changed to some other element or process (for example, from 
element No.5 MARK AND SAW to element No.6 FIT AND NAIL), the corresponding 
element number was entered in the second line under Column 2 and the appropri-
ate stop-watch reading was entered in the proper column. Subtracting the pre-
vious watch reading from the new one gave the total elapsed time or ~ value 
for the particular element. This was entered under the heading "T.V." A sam-
ple recording might read: 
r- Workman Read- T.V. l No. 
-t Skilled ing 
j 
!-
1 5 (Trim) 3.07 .os 
~ 6 (Trim) 3.15 
t__ 
Although this time-study sheet was made in three cycles, enabling the 
time-study worker to follow three craftsmen, the general practice was to limit 
the time-study worker to two craftsmen and to use the third set of columns for 
any particular notes regarding special conditions on the job. If, for example, 
the element number was 16, REMOVE OBSTRUCTIONS, the third column was used to 
indicate the type of obstruction or the nature of the work required. 
These time-study sheets (some 7,500 all told) are the basic data from 
which all ~nrther summaries and comparisons were taken. As an operation was 
completed, the time-study sheets together with later tabulations were bound 
and used as reference mat~rial. 
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Each day the time-study sheets of each observer were assembled and the 
t-ime values were entered on an F:;lement Tally Sheet (Appendix D) • When the 
totals were added, this gave the tally or total time for each element in a 
given operation. As there were usually a number of observers covering a given 
operation, an Operation Summary Sheet (Appendix E) was needed to make it pos-
sible to collect the tally from each observer and to obtain the grand total of 
man-hours, both skilled and unskilled, for a particular ,operation. For com-
parison during the construction period, a second operation summary sheet 
(Appendix F) was used so that each element could pe compared with the corre-
sponding element or the same operation on the other houses. The detailed sum-
mary for each operation (Appendixes 1 thrGugh 40) was made from the data col-
lected on the operation summary sheets. 
An actual time-study sheet as taken on the job is reproduced on Page 12. 
This sheet is typical and is reproduced to show the detail in which studies 
were made. The totals at the right normally would have been made on a separ-
ate Element Tally Sheet but are included on the same page in this report for 
convenience. 
E. The Site 
All six of the houses were built in the same long block and became a part 
of a thirty-unit faculty-housing development in southwest Champaign. In spite 
of the fact that the houses were relatively close together, there was a con-
siderable variation in the lots themselves. One was at the top of the hill 
and required some cut; one was about average; and the other four required vary-
ing amounts of fill in order to build the finished grade into proper relation 
with the sidewalk line. 
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The set-back from the street to the house was not the same in all cases. 
No attempt was made to adjust the differences in time required for excavating 
such things as water trenches in terms of the number of lineal feet involved. 
The total number of man-hours involved is so small in comparison with the 
gross man-hours of the job that it has been ignored in this study. The site 
conditions will be considered in more detail later in connection with some of 
the operations. 
The street was not paved, and at various times during the fall and spring 
it was difficult to deliver material without having the truck mired. On two 
occasions, subcontractors were unable to get material to the job and minor de-
lays resulted. 
F. The Weather 
The construction of the six houses . occupied~ period of eleven months-
from July 1, 1947 to June 1, 1948. During that time, there was practically 
every type of weather with which the average builder is confronted. The chart 
on page 13 represents the temperature which was recorded at 1 p.m. daily 
throughout the entire construction period. 
The weather had a very important effect on the productivity of the work· 
men. There was no way in which to measure or record the decreased efficiency 
of the productive time during periods of extreme heat or extreme cold. 
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G. The Workmen 
The men employed on the project were all union members and were not out-
standing, either because of exceptional skill or lack of skill. The most ef-
ficient workmen seemed to be the masons. Their work was a continuously re-
peating operation. 
Normally, in building six identical houses, the time required on the last 
house would be somewhat less than on the others due to the fact that the work-
men were familiar with the building. Any increase in efficiency in this pro-
ject due to familiarity with the house was more than offset by the fact that 
the workmen were constantly being confronted with new techniques, new assembly 
methods, and variations in the ones which tpey had already used. 
A decrease in efficiency in the last two houses, Frame No. 3 and Masonry 
No. 3, was attributed to the fact that the contractor had no additional work 
in view for his men; the men felt that they should not speed up their work or 
they would be "working themselves out of a job". There was no deliberate slow-
down, but some operations, which were exactly the same as those of earlier 
houses and done by the same techniques, required more man-hours. 
·At no time during the entire project did any trade union object to the 
study. The unions realized that the study was not one of speed-up nature, 
but one of improved assembly techniques. Furthermore, no trade set up any 
definite quota or limit as to the number of units of work that a man could do 
in a day. Similarly, no objections were made to pre-glazed sash or pre-cut 
lumber, or to any of the other variations, either on-site or off-site, included 
in the study. 
One group of craftsmen, the plumbers, objected to the time-study. It was 
taken for the first house, but the plumbing contractor reported that the pre-
sence of a time-study worker made the journeyman nervous and that he would 
rather not return to the job if the study were to be continued. Inasmuch as 
the local plumbing code is very strict and specifies the size and type of ma-
terial of every pipe and fitting, there was little control except the layout. 
It was agreed, therefore, to discontinue a detailed time-study in connection 
with the plumbing but to take the total time or "On-Job" time for each house. 
A detailed plumbing layout was supplied to the plumber and was followed on all 
houses after the first. 
H. Building Codes 
The local building code is of the material specification type rather than 
the performance type. The code was deliberately violated in the stud spacing; 
2'-0" o.c. was used instead of the 16" spacing as called for in the code. The 
project did, however, abide by the plumbing code which accounts for the venting 
system used (Drawing No. 20). The electrical code called for steel tube or 
rigid conduit below the first line but allowed the use of non-metallic cable 
above the first floor in the frame houses. In the masonry houses, conduit was 
called for and used in the walls as well as below the first-floor line. The 
rather unusual detail at the top of the foundation wall for the masonry houses 
again is the result of the building code and the desire to keep the ends of the 
floor joists out of the cavity of the masonry wall. 
IV. ITElkB TO BE TESTED 
Variations in the methods by which the houses were assembled and the 
minor changes in the houses themselves can be ~lassified as follows: 
1. Variations in handling of material before it reaches the job. 
(a) 
(b) 
Pre-cut lumber (floor joists, wall and partition studs and 
headers, truss members). 
Kitchen cabinets pre-assembled. 
2. Pre-assembly of parts at the job. 
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(a) Exterior walls assembled without sheathing and with sheathing. 
(b) Roof trusses assembled on jig table. 
(c) Gable ends assembled on jig table. 
(d) Interior partitions assembled and tipped into place. 
(e) Basement stairs pre-assembled. / 
(f) Hood over front door assembled as a unit. 
3. Variations in time, or order of assembly. 
(a) 
(b) 
(c) 
(d) 
(e) 
Gypsum board installed on walls and ceilings before partitions 
are erected. 
Finish floors installed before partitions. 
Pl~~bing installed before partitions. 
Variations in the time of installing ceiling insulation. 
All exterior woodwork and interior trim painted one coat before 
erection. 
4. Variations in layout or design. 
(a) Plumbing simplified by layout. 
(b) Gypsum board installed in accordance with layout. 
5. Variations in job organization. 
/ 
(a) Order of assembly of interior partitions. 
(b) Bench cutting of all interior trim. 
6. Variations in architectural details. 
(a) 
{b) 
(c) 
(d) 
(e} 
(f) 
{g) 
(h) 
(i) 
(j) 
(k) 
Cornice and gutters: (variations in method of detailing cor-
nice return, variation in cornice overhang). 
Hood over the front door. 
Floor joist (treatment of continuous header). 
Omission of closet by front door. 
Variation in handling ceiling treatment of hall. 
Variation in exterior siding at gable ends, 
Variation in treatment of basement walls (cross wall eliminated). 
Variation in types of interior doors. 
Variation in location of kitchen door. 
Variation in framing at supporting beam in basement. 
Variation in heating layout. 
• 
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V • TESTS' AND RESULTS 
An evaluation of construction methods may be made from the detailed ·re-
cord of man-hours shown in the appendix. These records indicate that savings 
up to 20% of total labor can be made by the use of engineered constrJction 
methods and organized operations at the site. 
It is believed that the real savings due to a change in the construction 
methods employed were somewhat greater than the gross total of man-hours in-
dicates. The first frame house was erected in generally good weather with 
favorable site conditions. The workmen were using established techniques with 
which they were familiar. The total man-hours of labor required was 2,239. 
The second frame house required 1,895 man-hours of labor and was built in 
reasonably good weather and under site conditions not too much different from 
those on the first house •. The third house was erected under severe weather 
conditions - bad site conditions, and with temporary heat often required. 
During the first hour in the morning and the last hour at night the light con-
ditions were poor. Heavy clothes hampered the workmen's efficiency. They 
were using new and unfamiliar methods. Yet with all these handicaps, the 
house was produced with a total of 1,864 man-hours of labor, a saving of 375 
man-hours or 16.8% of the total (see pages 17 and 18). Improved construction 
methods not only compensated for the weather conditions but produced a major 
saving over the first houses as well. 
The total time required for the masonry houses increased slightly from 
the first to third. The first house was built with 1,943 man-hours, the 
second 2,001, and the third required 2,04$. Masons' time reduced sharply from 
the first to the second house (271 man-hours to 198 man-hours), but was up 
again to 274 for the third mas.onry house (see Appendix No. 13 and page 18). 
The first reduction was undoubtedly due to an increased familiarity with cavi-
ty wall construction. The increase on the third house was due to the weather. 
Brick were laid during the winter months and general delays occurred due to 
the necessity of beating mortar materials and protecting the walls at night. 
The weather hindered the plasterer in much the same manner as it did the 
brick mason. The first masonry house was plastered as individual rooms (time 
76.9 hours). The second house was plastered as one open room but the weather 
was cold and tempo~ary heating was needed and a saving of only 5 hours was re-
corded (71.3). On the third house v1ith favorable weather, a saving of 15 
hours (time 60 hours) was made. This indicates the true saving possible by 
"open room" technique. 
On the three frame houses, no appreciable savings were made in the con-
struction of the foundation. The major savings were in the floor construction, 
the structural frame, roof and interior work up to the point of app+ication of 
trim. The savings came from that section of the house which was most effec-
tively engineered {see pages 19 and 20 for curves .showing the accumulated man-
hours per operation for each group of houses). In the first and last third of 
the chart, the curves are nearly parallel indicating that approximately the 
same number of man-hours were required. At the center third of each curve, the 
lines become divergent indicating that savings were made. Engineering work had 
not been done and potential savings still exist in the finishing operations of 
the house. 
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A. Modular Planning 
All of the houses built were constructed from engineered plans based on 
the use of modular materials. No comparison can be made, therefore, of the 
time and material savings to be expected when modular plans are used instead 
of conventional unorganized plans. It is evident, however, that the savings 
from modular planning are not automatic and that a "partly modular" plan may 
be of little value. Discipline must start in the drafting room - in the lay-
ing out of room sizes, the selection of door and window sizes which will co-
ordinate with the spacing of wall studs. All the whims and fancies of the 
designer must yield to the knowledge that economies in construction are ob-
tained from the use of standard parts, sized to work with other materials 
similarly standardized. This in no way limits the designer in creating struc-
tures which are aesthetic as well as economical. 
Discipline must continue at the job. Every step, from excavation on, 
must be accurate in dimension, as well as square .and level. A crooked or in-
accurately located wall stud which would not affect conventional construction 
might completely upset the installation of the interior finish material, the 
sheathing and the exterior finish material, if all three of them were factory-
cut, modular, sheet products. Lack of study of the framing system could do 
the same thing. 
Much more work in the planning stage is needed if the potential possibil-
ities for economies in on•site construction are to be realized. Even in the 
drafting room, some arguments exist as to the methods and means of modular 
planning. 
The six houses were laid out so that the interior surfaces of the walls 
were dimensioned to fit the large sheet materials. In a seventh house built 
by the Small Homes Council for another study, the dimensions were set to allow 
the outside material to be fitted without cutting. No detailed time-study was 
carried on for the seventh house, but observations indicated that the superior 
method was to control the interior size and let any necessary cutting be done 
on the exterior materials. 
B. Pre-cut Lumber 
Cutting lumber from drawings and schedules rather than from field measure-
ments has been practiced in various forms for many years. For the houses under 
test, schedules were prepared by the Small Homes Council working from detailed 
plans and elevations which had been made to show the location and size of every 
piece of framing lumber. (Drawings 8 through 12, 14, 14A and 15.) Actual cut-
ting was done by one of the local retail lumber dealers. His equipment was 
limited to a ripsaw and a swing cutoff saw. No charge was made for the use of 
the equipment, and the men operating the machines were yard employees who were 
paid at regular scale. 
The savings experienced came not from the reduction of time under the 
heading "Mark and Saw", but from a much greater reduction in idle and non-
productive time. The total amount of time for field sawing of plate, floor 
joists and wall studding was 22.5 hours on the first frame house. The pre-
cutting of as much of this lumber as possible reduced the total time of these 
same operations on the second frame house to 18.2 hours. (The plate, headers, 
etc., were still field cut.) This was hardly enough to pay for the actual 
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cutting of the lumber at the yard. The "Idle Avoidablett time for the first 
frame house was 23.8 hours; for the second 10 hours, or a saving of 13.8 man-
hours. Notes made during the construction period indicated that much of the 
"Idle Avoidable" time is due to the habit of having the men work in pairs; 
while one man is sawing, measuring or similarly doing the work necessary for 
the next step, the second man is frequently waiting. Thus, the major saving 
with pre-cut material is in the reduction of idle time. 
It is important that material be cut and framing organized prior to the 
actual start of assembly. Field-cutting in advance on the site, using power 
equipment, might have greater advantages than those obtained through yard-
cutting, in that it would reduce the handling and facilitate storage on the 
site. 
On the first houses ·in which pre-cut lumber was used, considerable con-
fusion existed because of the lack of organization in handling the material 
on the site. On the later houses, it was found advisable to mark and identify 
each piece of lumber and to see that when they were stacked at the job, they 
were stacked separately as far as possible. Some form of bundling, particu-
larly the shorter members, would have been advantageous. 
The operation can be made to flow smoothly if only a few sizes are 
handled on the job at one time. In ordinary construction, it is common to 
change the size of the header over the windows from two 2 x 4's for short 
spans, up to two 2 x 101s for the larger windows. Since this introduces a 
number of small pieces over each header, it would seem advisable to use one 
stahdard header (2" x 1011 ) over all openings, thus eliminating the small 
pieces entirely. T}1is system was not used in the six experimental houses. 
It was tried successfully in one of three other industry-engineered houses 
built in this locality this year and observed by the same group which super-
vised the experimental construction. 
In framing, as in many of the other operations, complete drawings elimin-
ate the necessity of field design or the common practice of having the foreman 
lay out the work as it progresses. Cutting must be accurate, which means also 
that the lumber sizes must themselves be held to close limits. Lumber sur-
. faced on two edges only was tried as floor joist - and all double joist, head-
ers, etc., into which other members were framed had to be specified as S4S in 
order to maintain accuracy. 
Recommendation: Pre-cutting of lumber may be used to reduce the man-
hours of labor required and to speed the general progress of the work because 
of: 
1. A slight reduction in the time of sawing on the job. 
2. A sizeable reduction in the amount of idle time. 
3. The elimination of responsibility on the part of the workmen to de-
sign framing. 
4. Improvement in the framing since a satisfactory cutting list requires 
that the framing be studied. 
C. Tip-up Wall Construction 
The assembly of the wall frame on the floor is not a new practice to 
many contractors. The continuation of the idea of pre-assemblY to include 
wall sheathing is, however, far from cQmmon. The natural third step would be 
the application of the exterior wall material, especially if a sheet material 
were to be used. This last step was not tried, but it has been reported as 
"feasible" in light of operations on the six test houses and the other houses 
under observation. 
Major savings were recorded when the sheathing was added to the wall be-
fore it was tipped into place. The reduction in time from the first to the 
second houses (4 hours) was due to an increased familiarity with the material. 
A reduction of 23 hours in the third house was due to the method. 
Interior partitions were treated in the same manner. The difficulties of 
interlocking corners, and a general increase in the complications around clo-
sets reduced the savings from the tip-up assembly method. It is probably im-
practical to organize the job of installing wallboard before the partitions 
are tipped into place unless a large number of s~ilar units are erected, in 
which case the time spent in planning for this operation might be justified. 
Recommendation: Exterior walls should be assembled on the subfloor, 
sheathed and raised into position. Partitions may be tipped with or without 
wallboard. 
D. Roof Trusses and Gable Ends 
The use of lightweight roof trusses made it possible to consider all in-
terior partitions as non-bearing. Because of this, they may be omitted and 
the house assembled as one large room with finished floor, walls and ceiling 
installed before the room divisions are erected. 
Many of the major savings experienced can be traced to this assembly 
technique and to the use of roof trusses. 
For the 16 1-0" span required in the industry-engineered house, nailed 
trusses consisting of a 2 x 4 bottom chord, 2 x 6 top chord and a vertical tie 
were used. (See Drawing 3 and Appendix No.9). 
Studies by other agencies have indicated material savings can be expected 
from the use of roof trusses.* While the University of Illinois study was not 
primarily one of materials, it was apparent that savings in materials were 
possible not only in trusses but also in the pre-assembly of gable ends. 
These savings are due to the large number of small odd-shaped pieces which 
must be cut and assembled under difficult working conditions if the gable ends 
are built in place. 
Recommendations: 
1. Roof trusses and the accompanying "open room" construction technique 
based on non-load bearing partitions are keys to major material and labor sav-
ings. 
(*) See H.H.F.A. Technical Bulletin No. 2 
2. Gable ends should be designed for pre-assembly, thus reducing the 
amount of material to a minimum. 
Objections: The use of a roof truss makes it impossible to use the attic 
space for future expansion. If roof trQSses are used, the house should be so 
designed that expansion can be made horizontally without major alterations in 
the mechanical or structural parts of the house. 
E. Pre-assembly of Parts 
The pre-assembly of windows and cabinet work off-the-job greatly reduced 
the time .required for these operations. In general, assembly of parts in a 
shop or under controlled factory conditiQne is much more rapid than the same 
operation carried on in the field. 
Recommendations: 
1. Windows should be set up, ilazed, hung, and delivered to the job -
ready for installation in the wall • 
. 2. Kitchen cabinets should be assembled and hardware applied before be-
ing delivered to the job. 
3. All other operations and parts should be fabricated as far as possi-
ble before they are incorporated in the house. (This includes standardized 
furnace and other sheet metal work, louvers and miscellaneous mill work, cab-
inet work when possible, etc.) 
F. Division of Labor by Craft 
Pages 17 and 18 show the total man-hours for the three frame and three 
masonry houses broken down by trade. 
The high percentage of carpenter time in either group of houses is di-
rectly reflected in the total time for the house. On the three frame houses, 
almost two-thirds of the total time is carpentry. Although many of the trades 
increased the total number of hours for the third frame house and a sharp in-
crease in the total productive time was noted, a slight decrease in ~ time 
was possible because of the reduction in the number of carpenters' hours. On 
the masonry houses, the carpenter time was approximate~ 50% of the total, and 
the masons• approximately 25%. Percentage of time for the minor trades was 
very nearly the same for both groups of houses. (Appendix No. 54 for percent-
age of total time by craft for each house.) 
G. Idle Time 
Idle time by crafts for the first frame house is shown in Appendix 55. 
It varies from 34% for the unskilled labor working with the carpenter to a very 
small percentage in some of the minor trades. The reduction of idle time can 
be controlled in the skilled trades by change of method and organization of 
work. A similar reduction in the unskilled labor is not always possible. 
Habit frequently leads the contractor to supply a laborer with every group of 
carpenters. Unless the carpenter foreman has outlined a number of jobs for him 
to do, the laborer frequently just waits for the next order. At other times, 
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contractors, particularly some of the subcontractors, will have more labor on 
the job than is needed merely because the men are on the payroll and have to 
be placed somewhere. The high ratio of unskilled labor with the cement worker 
and the mason, and the high percentage of idle time charged to them reflects 
this policy. Also, the mechanic has material brought to him; frequently the 
unskilled worker in these trades stands and watches the mechanic. 
Idle time for all trades for the first house represented approximately 
13.7% of the total number of man-hours • By the time the third frame house 
was completed, idle time had been reduced to 9.3%, a saving of 4.5% of total 
labor for the job. Much of this saving was in the classification, "Idle 
Avoidable 11 , and is directly due t9 a change in construction methods. 
H. Checks on Test Program 
Near the close of the test program, it seemed desirable to ·determine to 
what extent the job was influenced by the constant daily supervision of Small 
Homes Council representatives, and also the constant presence of the time-
study workers. Therefore, private capital was secured to construct a house 
which was as nearly as possible a duplicate of the last frame house. Methods 
recommended in this report were used, but only normal contact with the job 
was maintained. 
The house differed only in the addition of an attached garage and in very 
minor changes in exterior wall construction. 
Gross carpenter hours totaled 1,205, but did not include finishing the 
. joints in the dry wall construction. This would compare with 1,191.824 {total 
for F-3 less Operation No. 20 - Taping) recorded on the best· of the frame 
houses. 
From this, two deductions are possible: 
1. Data taken on the job represents reasonable time values for good com-
mercial practice in this area using excellent workmanship. 
2. The methods recommended can be used by any contractor who is willing 
to learn new techniques in order to achieve savings. 
The total elapsed time for the construction of this house was 90 days -
the result of excellent cooperation between the contractor and his subcon-
tractors. 
VI. EV.ALUAT ION OF RESULTS AND RECOMMEND AT IONS 
A. Major Accomplishments 
This program produced several major contributions to the building indus-
try. Some are obvious; others are not easily seen. 
1. The relationship between the building industry, a governmental agency 
and a state univers·ity in this project was outstanding not only because of the 
high degree of cooperation, but because it is., without doubt, unique in the 
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history of housing research. It is hoped that this test marks the beginning 
of a new era in cooperative investigations, in which each organization con-
tributes its share of "know-how" to the solution of the problem. 
2. A comparison of construction methods is now possible by using the 
time-study technique as a basis for establishing a norm, or base line. The 
variations in data due to the human element (of the craftsman, the time-study 
worker) cannot be removed. Productive time may be used to rate the craftsmen; 
~n-productive time more directly rates the management and the methods used by 
the contractor. Variations in material, especially in lumber which is a 
natural product, cannot be completely controlled, nor can the weather. Only 
when case histories of hundreds o.f jobs have been assembled can these varia-
tions be averaged. But all of these limitations do not reduce the value of 
time comparisons. 
3. Proof that the average small builder can increase his efficiency is 
now available. Most important of the new techniques is the consideration of 
the order of assembly; this requires no change in materials or tools - merely 
a change in state of mind or willingness to accept progress. The time values 
for the construction of six houses should be sufficient proof of the improved 
efficiency of the new methods. 
4· Recommended new techniques include: 
(a) Cutting all material from schedules, rather than from field 
measurements. 
(b) Use of the "single room" technique. 
(i) Use of roof trusses and pre-assembled gable ends. 
{ii) Installation of ceiling, exterior walls and floor ma-
terials before interior partitions are erected. 
(c) Use of "tip-up" wall construction on both exterior and interior 
walls. 
(d) Use of engineered plans, made to take advantage of ever.y saving 
from modular or coordinated dimensional control of materials. 
5. Future study is imperative. More "case histories" or records or con-
struction methods for various combinations of materials, both modu~ar and non-
modular, are needed. An analysis of ev~J element of a house and every opera-
tion in its assembly is needed ~ 
B. Critical Comment on Program 
1. Time-study methods 
Improvements in the methods used in collecting, handling and tabulating 
data are now apparent. Each figure (time value) was copied or handled too 
many times. With a total of 7,500 sheets (similar to Page 12) filled with 
figures to tabulate, a simple mechanical sorting system should have been used. 
This would have reduced the time between the collection of data and its pro-
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cessing into usable form. Such a device would have also greatly speeded the 
assembly of such items as 11 productive time", etc. 
There was too fine a subdivision of time within an operation, for a study 
of method rather than one of refinement of a method. The study, as taken, was 
of the scale needed if the study were one of trim - or framing - alone. Some 
trades (such as painting) could have been recorded entirely as gross or 110n 
Job" time. 
The large number of hours required to take and process time-study data 
indicates why such studies have not been made before. 
2. Use of data 
There is no limit to the extent to which the data given in the appendix 
may be assembled, tabulated and interpreted. Only by examining the time-study 
sheets can such things as "lack of rhythm" in a worker be detected, and its 
effect on his productivity be studied. That was not the primary purpose of 
the study - nor were any of the other many interesting minor by-products. 
The data can also be misinterpreted; three houses, or six, are not enough 
to establish patterns for industry, or to prove or disprove theories, especi-
ally since all the houses were not erect~ at the same time, under the same 
weather conditions, and by the same workmen who were in the same state of 
physical and mental health. These variables will exist as long as homes are 
built, and men build them. 
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VII. DETAILED C0!·1HENT BY OPEilATIONS 
OPERATION NO. 1 LAYOUT AND BATTER BOARDS 
Approximate percentage of total time - .06 
Minor variations are due to re-use of stakes, etc. The second masonry 
house vias laid out at the same time as the second frame house, and the reduc-
tion on H-2 is due mainly to savings in the time required to locate lot lines, 
etc., as these houses were adjacent. 
OPER.!-~.TION FO. 2 EXCAVATION 
Approximate percentage of total time - .06 
This uas an uncontrolled opere..tion, but one in which the total time is in 
ratio to the amount of excavation. The ratio increases slightly for deeper 
excavation. 
F-1 F-2 F-3 H-1 H-2 
Total Hours 13.4 6.7 l,.f.6 7 .L-r J.l. 7 
Cu. Yds of Excav. 214 149 292 165 161 
OPERATION NO. 3 FOOTINGS 
ApProximate percentage of total time - 2.1 
H-3 
12.9 
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Footing forms uere made for both frame and masonry houses. Savings from 
the re-use of material is reflected in ttHark and Saw11 • The saving in 11 Pour 
and Finish Concrete a (shown after the first pair of houses) \.Jas due to the 
increased accessibility of the foundation. Care in piling excavated earth and 
in keeping driveways open for the delivery of material made it possible to 
pour the ready-mix concrete into mortar boxes located at the edge of the 
foundation and thereby reduced handling. On the third frame and third masonry 
houses, an attempt \vas made to eliminate the use of forms by trenching for the 
footings. An increase in tiae under "Digging and Filling" reflects this 
change in method. Due to irreGUlarities on the bottom of the e~ccavation in 
each case, it vras necessary to do . some forming. 
OPEP..ATION NO. 4 BUILD AND HATER.ffi.OOF FOUNDATION HALL 
Approximate percentage of total time - 4.55 
The first frame house was built 't.Jith a cross-wall in the basement to~hich 
divided the house into two equal rectangles (Drawing No. 1) • It was apparent 
as the foundation was being built that this cross-wall introduced vroblems of 
bonding and added as well to the difficulties in handling material, particu-
larly in moving scaffolds after the foundation \-Tall was more than three or 
four feet high. On all subsequent houses the cross-t.rall \vas eliminated and a 
beam introduced in its place. The reductions in time be tHe en the first frame 
and second frame houses should be related to the total number of blocks laid. 
In the first house with a cross-wall, there we~e 1,163 blocks; in the second 
house \.fithout ·a cross-wall, 1,053 blocks were used. The comparison on a block 
per man-hour basis foJ.lows: 
F-1 
F-2 
F-3 
A vg. Blocks per Hour 
Total Time 
12.55 
15.9 
18.0 
Avg. Blocks per Hour 
Productive Time 
28.0 
37.2 
42.8 
29 
A vg. Blocks per Hour 
Skilled L~bor Onl~ 
23.6 
33.5 
44.5 
In order to make the foundation as accurate as possible, the outline of 
the wall was scored in the footings while the concrete was still green. Diag-
onals vrere checked and were v.ri thin a small fraction of an inch of being equal. 
Considerable variation was found at the top of the foundation walls which 
caused difficulties with later operations. 
The masonry house used a 12" thick block in the foundation \.fith a block 
set crosswise to give a 1611 dimension across the top of the foundation (Draw-
ing No, 5). The increased time for labor on the masonry houses is due to the 
fact that the top course could not be "plumbed uptt from the foundation, but 
required careful checking and cross-checking to fit the top row of blocks. 
This increased the accuracy of ~he top of the foundation and, as a result, · 
less difficulty was experienced in setting the plate and floor joist for these 
houses. 
Since the men laying the block were doing a routine repetitious type of 
work, and the only variations were the site organization and the elimination 
of a cross-wall, the following recommendations can be made: 
1. Fo~~dation should be planned for modular-sized units. 
2, Fo~~dation should be as free as possible from cross-walls or Qnneces-
sary breaks and corners which interfere with the handling of materials and the 
moving of scaffolds. 
3. If pre-cut lumber i~ to be used, the top of the foundation wall must 
be checlced when the last course of blocks are laid in order to insure an 
accurate and level base on vThich to build the super-structure of the house. 
4. Site conditions should be studied to make delivery and handling of 
material convenient. 
OPERATIO!·T NO. 5 SILL PIATE AND FLOOR JOIST 
Approximate percentage of total time - 1.3 
The first two frame houses were assembled by the methods recommended in 
the mdustry-cngineered house progre.m (Drawing No. 1) • This detail calls for 
the floor joists to be short ( 16 r -0") and the space bet\-teen the ends of the 
joists and the outside of the foundaticn wall to have a continuous header plus 
blocking to build it out to the proper line. (Outside dimension, 16'-8") 
This research study showed that entirely too rauch time was taken to apply 
this blocking. On the second house, the same method was used but an attempt 
to organize the handling of the blocking material was rDade. The fact that the 
time for the operation was greater than that for the first frame house is due 
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to: 1) irregularities in the foundation -which made it difficult to use pre-
cut lumber, and 2) the fact that the site conditions were unfavorable. Con-
siderable fill was needed arounq the outside of the foundation wall and it was 
difficult for the workmen to install the blocking. 
On the third frame house, the detail was changed (Drawing No.9). The 
conventional continuous header was replaced by blocking between the joists, 
but the joists themselves were cut long eno\tgh to extend across the entire 
foundation (16 1-7-7/8"). This was the same detail which had been used suc-
cessfully on the masonry house~. The blocks were accurately cut and were used 
as spacers for the floor joist. 
The joists for the flrst masonry house were cut on the job; the method of 
framing (Drawing No. 10) was satisfactory. On the second masonry house, it 
was expected that a saving in time would be reflected because all of the mate-
rial was pre-cut at the yard and only require~ assembly in the field. S~te 
conditions on the two houses were nearly the same, both requiring fill \vhich 
had not been placed; however, the second masonry house foundation was somewhat 
irregular and this, together with slight errors in the cutting of the lumber, 
more than offset the savings possible through pre-cutting. On the third 
masonry house, the time was reduced somewhat but was still greater than that 
required on ·the first of the three masonry houses. Site conditions vrere 
approximately the same as on the other two. The foundation was some\-That 
irregular, about the same as M-2; but the weather was cold, thus reducing the 
efficiency of the workmen. This same bad weather existed duxing the setting 
of the joists on the third frame house. 
The productive time on these six houses is far more interesting than the 
total time. For the frame houses, No. 1, the recommended method, 25 hours; 
No.2, the recommended method (with difficulties), 27; and No.3, the revised 
method (still with difficulties), 20. On the masonry houses, the revised 
method was used throughout; by the time the third masonry house was reached, 
productive time was down to 19 ,4 hours. 
Recommendations: 
1. The condition of the foundation is extreme~ important. The contrac-
tor should check with his mason foreman to see that the top of the foundation 
wall is level and that the dimensions are accurate and square (check diag-
onals) • 
2. The use of pre-cut lumber can reduce the time required to assemble 
floor joists. 
3. The use of blocking be~Teen the joist, instead of the continuous 
h8ader, requires a longer floor joist but it simplifies and speeds up opera-
tions. 
OPERATION NO. 6 SUBFLOOR 
Approximate percentage of total time - 1.3 
The condition of the lumber used as subfloor material has a much more 
direct effect on the total number of man-hours than does the method used for 
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its installation. On all of the houses, the subfloor was laid diagonally. 
On the third house of each group, one end of each piece of subfloor material 
was cut at an angle of 45 degrees, using a portable electric saw and a jig. 
Thus, when tho material was installed, only one end needed to be field cut. 
The productive time on the last two houses was almost exactly twice that 
of the preceding houses (28 hours vs. 1?). Crooked and warped floor boards, 
plus 611 of soft mud around the site, not only cancelled any savings but in-
creased the t~e required far beyond normal requirements. The effect of the 
crooked floor boards is most dramatically shown under the element trFit and 
Nail'' where 18.409 hours are recorded for F-3. This is almost three times the 
6.729 hours recorded for the same operation on the second frame house. 
Recommendations: Material quality, particularly with emphasis on the 
straightness rather than on the number of knots, is important to the number of 
man-hours used. 
OPERATION NO. 7 STUDDING 
Approximate percentage of total time - 6.6 
Time recorded for this operation includes both exterior and interior par-
tition studs for the frame houses, and the interior partition studs only for 
the three masonry houses. 
Detailed framing drawings and cutting lists wore prepared for every wall 
of the building. These drawings (Sheets 11, 12, 14 and 14a) arc attached to 
this report. General difficulties in handling pre-cut lumber have been 
described earlier. 
Working from framing drawings on the second house slowed up somewhat the 
process of laying out wall studs. By the time the third house was ready for 
framing, layout drawings had been simplified and dimensions given in a manner 
more easily usable by the worlanen. Considerably less difficulty was, there-
fore, experienced. 
Although the interior partitions are included in this operation, they 
were not erected until after the gypsum wallboard had been applied to the 
ceilings and outside walls, and the finished oak floor had been laid. Assem-
bling the interior partitions under these conditions was reported as follows: 
"Started January 30. Five carpenters were on the job throughout most of 
this operation. Erection of the first partition was slou ••••••• It took a long 
time for the men to understand just vrhat was going to be done. Since thoro 
were five men working, this partition was erected without tho gypsum as it was 
evident that all five would be tied up. The electrician was able to get the 
outlets in the wall immediately after the pa.rti tions '\-Tore put up. Since he 
had work to do in the basement, there wasn't any difficulty in getting him 
where we wanted him to be at tho right. time. Tho electrician did not like 
working this way because he could not finish his circuit at once. A special 
layout of wiring may be needed to accommodate this type of construction." 
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The eA~remely high productive time required for the second frame house 
was undoubtedly due to the fact that tho men Here, for the first time, using 
pro-cut lumber and using tho tip-up wall method. On the third frame house, 
the time was comparable with that of the first. Actually, the site and 
weather conditions on the third house were very bad, the work being done in 
February whereas, on the first house, work was done in July. The time saving 
procedures cancelled the lowered productivity due to weather. The reduction 
from 18 to 11 hours for the element "Mark and Saw" and reduction from 17 to 14 
hours in the "Idle Avoidable" arc two savings most directly attributable to 
the use of pre-cut lumber. 
Variations in total time for studding on the three frame houses can be 
attributed mainly to the exterior walls inasmuch as little change was noted on 
interior partitions, which were built in two ways. In the first pair of 
houses they were built in place; in all later houses they were pre-cut, assc~ 
bled on the floor and tipped into place (Drawing No. 13 for assembly order). 
The variation in time between these two methods is insignificant, and, for 
this operation alone, it r:dght indicate that pre-cut lumber and assembly 
methods arc not too important. Actually, this time represents the time in as-
sembling the studs only. It does not reflect the savings in the other opera-
tions, such as flooring and gypsum. 
Recommendations: 
1. Framing lumber should be pre-cut from schedules rather than from 
field dimensions. 
2. All vtalls and partitions should be assembled on the sub-floor and 
tipped into position. 
OPERATION NO. 8 SHEATHING 
Approximate percentage of total time - 1.7 
Insulation board sheathing was used on the three frame houses, the same 
material, nail size and spacing being used on all three houses. On the first 
two, the material vtas applied after the studs were erected and the vralls 
braced. On the third frame house, the sheathing was nailed to the studs while 
they were still horizontal on tho subfloor; the entire wall 'rith studs 5 
sheathing and plate, with all openings framed completely and all sheathing cut 
at openings, was tipped int.o position. Tho average time for the first t\.ro 
houses was approximately 47 man-hours; for the third house using a new tech-
nique, 26 man-hours. Weather conditions for the first two houses were good; 
far the third house, very bad. Ha.jor savings were in the elements liNark and 
Saw", 11 Fit and Nail11 and 11 Idlo Avoidable", the throe divisions '"hich most com-
monly reflected tho change in technique. Every man could work efficiently and 
was not called upon to wait uhilc another workman completed an operation. 
In the frame houses in tho test program, the rear 40-foot wall was 
tipped in three pieces, the other walls being erected complete. On two simi-
lar houses, built in this area using tho same plans and methods rocon~ndod by 
the Small Homes Council, tho entire rear wall, 40 foot long, was tipped up in 
one operation, This technique has boon used with several sheathing materials, 
and works with equal success with all. 
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Recommendation: All vralls should be sheathed while in a horizontal posi-
tion and the wall tipped into place. 
OPERATION NO. 9 ROOF TRUSSES AND VALLEY 
Approximate percentage of total time - 3.4 
Savings in tho time required for roof construction warrant the use of 
light-weight roof trusses. Most of tho later savings in time can be traced to 
tho technique of erecting exterior walls and the roof before any interior par-
titions arc placed - a procedure made possible by the usc of trusses. 
On the first house, the ceiling joist, rafters, and vertical tic were 
installed as separate members and nailed together after they had been placed 
in position. On the second house, roof trusses wore assembled on a jig-table 
and lifted into position on tho side walls. (There was a great deal of 
grumbling on the part of tho worlanen. Tho usc of a truss was entirely now to 
them and there was a tendency for too many men to handle tho truss with tho 
result that they wore in each other's way.) The technique of handling the 
intersection of the two roofs and the valley had not boon thoroughly studied 
in the drafting room, resulting in delay and loss of time on tho job. 
Although a jig table vras built and used throughout tho j oh for many other 
operations, tho trusses could have boon assembled equally as well on tho 
floor. This practice had been done with several houses built independently 
and vtorks \-tith complete satisfaction. Time for tho third house ShQ\riS tho 
savings which can bo expected by tho usc of roof trusses. Tho assembly, 
handling and installation of tho tru.ssos on the side walls were all simplified 
by reducing tho number of men. Tho jack rafters far tho intersection area 
wore all pre-cut and no time was lost in building tho valley. Tho reduction 
in productive time from an average of 3G hours on the first two houses to 20 
on the third house again is due to reductions in 11Idlc Avoidable", 11Error11 , 
11Fit and Nail11 , 11Mark and Sawn, whereas difficult site conditions are re-
flected in an increase of .fivo hours to obtain materials from tho storage area 
on the site. 
The reduction in man-hours from the first to the second masonry house is 
comparable to the reduction between tho second and third frame houses and for 
tho same reasons. The increase on tho third masonry house is not duo entirely 
to the use of a different truss detail, which gave a wide overhanging cave by 
extending the top chord (Dravring No. 17 for details on this truss) • Tho in-
crease was in t•Matoria1.11 (almost 10 hours duo to extremely bad site conditj_ons) 
and in "Fit and Nail11 (a similar increase due to a number of cx-ookod coiling 
joists and roof rafters '\-Thich required some reworking in order to make satis-
factory members for tho roof truss). 
Recommendation: Roof rafters and ceiling joist should be assembled to 
form a truss, and should be erected on tho exterior walls before the parti-
tions arc built. 
OPERATION NO. 9 ROOF TRUSS JIG-TABLE 
This operation is actually not a part of any house and is included only 
to show the length of time required to build a good substantial and yet easily 
portable jig-table. 
Top: 
Frame: 
Supports: 
The specification for the table \-Tas: 
3/411 plY'-1000 
2 x 4 joists, 12" o. c • 
4 horses of su~ficient height to bring the 
plywood top to the correct level. 
Blocks forming the jig in which the truss was assembled were nailed to the 
plywood top. 
OPEftATIOlT NO. 10 ROOF SHEATHING, FELT AND SHINGLES 
Approximate percentage of total time - 7.7 
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1veather conditions affected some of the elements in this operation as did 
variations in the roof sheathing material used. On the third frame house, the 
carpenters were kept overtime one-half hour in order to have the roof com-
pletely covered with felt and, therefore, prote.cted from rain during a ueek-
end. The men were anxious to get away and worlred at a nru.ch higher speed than 
they did on any of the other frame houses. This is reflected in the 34 hours 
for element 11 Fit and Nail11 on F-.3 against the 40 and 56 hol,li's for the other 
frame houses. 
On the second frame house, the cutting of t.he roof sheathing was organ-
ized to eliminate waste, although no great saving in time under "Nark and Saw11 
was shovm, the amount of waste rna terial \-ras greatly reduced. "Idle Avoidable 11 
shovred a marked reduction as it al,-rays does under controlled operations. On 
the masonry houses, the third house ,.rhich had the largest roof area due to a 
greatly increased overhang also had the fewest man-hours, either total or pro-
ductive. Improved site conditions which made the handling of material easy 
("Materials" 11-1 - 18.6 hours, H-3 - 9.0), together with reduction LJ. 11Idle 
Avoidable11 , are largely responsible for the time savings shown. 
Re commenda tio_n: 
1. A careful layout should be used to reduce the amount of vraste. 
OPERATION NO. 11 GABLE ENDS AND LOUVERS 
Approximate percentage of total time - 3.2 
Frame houses No. 1 and 2 had the gable ends built as a continuation of 
the wall construction. The hours listed in Appendix No. 12 under those houses 
are for the installation of the ventilating louvers only. Frame house No. 3 
and tho second and third masonry houses were constructed vrith pre-assembled 
gable ends. 
The construction of the gable ends on the first masonry house made possi-
ble a detailed time-study of this operation. The results indicated that con-
siderable saving could be made if these were pre-assembled and lifted into 
place complete. Inasmuch as tho attic space is normally ventilated, it did 
not seem necessary to provide tho same weather-tight construction with 
sheathing, etc., as is used on tho \!alls below. Since the roof truss will 
J5. 
take the load, it is equally possible to omit most of the framing and merely 
provide blocking for nailing for the surface material. These omissions reduce 
both labor and material costs (Drawing No. 3). 
All of the remaining houses were constructed with pre-assembled gable 
ends, the average saving being about 15 man-hours. The increase in time noted 
for the third masonry house reflects the increase in material due to tho use 
of wide overhanging eaves and also shows the result of inaccuracies in the 
masonry. Field measurements indicated that the top of the masonry wall \oTas 
not entirely accurate, and adjustments had to be made at the jig table so that 
the gables would fit when erected. 
No difficulties were experienced in handling the gable ends which, while 
bulky, '"ere not heavy. 
Recommendation: Gable ends should be assembled on the jig-table and be 
considered as a roof truss with a sY~n applied over the web members. 
OPERATION NO. 12 WEATHERBOARDING 
Appro~imate percentage of total time - 6.0 
AND EXTERIOR MASONRY lvALLS 
Approximate percentage of total time - 13.0 
A reduction of 60% was made in the time required to install the weather-
boarding on the exterior of the third frame house. Host of this was due to 
slight adjustments in the manner in vthich the material was handled. There 
were no major changes in methods and, if anything, both the weather and the 
material used in the third house made conditions more difficult. 
Metal corners were used on all three houses to reduce the amount of time 
required to fit either a lap or a miter joint. On the first house, individual 
gauges were rJade by which the siding was spaced. A variation between these 
individual gauges was unnoticed until a number of courses had been laid. It 
was necessary then to readjust the spacing to bring them back to an equal 
height. Workmanship was excellent at the points where tho boarding butted 
against windows and door trim, but the installation was of the cut-and fit or 
11 putter11 type of carpentry. On tho second and third houses, story poles for 
the entire height were cut (two poles were nailed together and cut simultane-
ously) • The third frame house reflects a refinement of these methods and also 
the change from horizontal siding to vertical siding on the gable ends. This 
eliminated the necessity of fitting both ends of a short piece of lumber in 
the sloping rake or the triangular area of the gable ends. 
Recommendation: Windows should be grouped to eliminate the necessity of 
fitting many short pieces - it takes as long to fit a short length of siding 
as it does a long one. Pre-assemble gable ends when possible - fitting in 
irre·gu.lar areas is slow and difficult. 
Hasonry Wall 
The brick masons were probably tho highest sldlled of any of the trades 
observed during the study. Thcjx work consisted of one repeating operation in 
which their habit pattern was well established. No attempt was made to change 
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the manner in which they laid bricks, handled their trowel, mixed mortar or 
otherwise worked at their trade. Variations (of more than 70 hours) between 
the first and second house probably indicate their increased familiarity with 
the cavity type wall construction and also some improvement i~ site conditions 
(see "Material" 62.8 hours against 45.2). The weather is reflected in the 
variation in idle time, 
The third masonry house was interrupted about half way through the erec-
tion of the exterior walls by the arrival of a long spell of sub-zero weather. 
The increase in time beyond that required for the first masonry house is 
unfortunate and can be attributed only to weather conditions and the resulting 
delays • On the third house, wood beams were used over the heads of the win-
dows making it unnecessary to use steel lintels and to lay ·brick over the win-
dows as was done i~ the first two houses, The studios showed that the brick 
in this location required more time than the same number of brick anywhere 
else on the job; and intentions were to eliminate this in hopes of reducing 
the total hours required. 
The high percentage of "On Job" time makes it difficult to trace exactly 
the caus~s of the excesses. Ten additional hours in supervision (a non-
working foreman), additional time covering and uncovering material, plus 
delays in starting and waiting for material to be heated, all added to tho 
total. 
Recommendation: Since masonry construction in winter is difficult, work 
should be schoduJ_ed to eliminate winter construction, unless the job is of 
sufficient size to warrant costly protection for both men and materials. 
OPERATION NO. 13 CORNICE 
Approximate percentage of total time - 1.7 
In the opinion of the man supervising the project, Operations 13 and 14 
represent ono of the major fields in which further study and organization is 
essential. The cornice and gutters are trim, or finish items, which greatly 
influence t ho fival appearance of the house . The variation in time between 
tho first frame house and the second and third house reflects a slight simpli-
fication of tho cornice detail (Drawings No.1, 5 and 16), which docs not 
chango the general appearance, 
The figures for the first masonry house as shown are obviously incom-
plete. Time for the cornice was undoubtedly recorded olSO\-Thcre, possibly 
under roof or t r im. The time 9n the third house is high due to the use of an 
entirely differ ent detail involving a wide overhang and the installation of an 
asbestos cement board on the soffit of the cornice. 
OPERATION NO. 14 GUTTER 
Approximate percentage of total time - 1.8 
Decrease in time from Frame house No. 1 to the other houses is largely 
due to a revised detail vrhich allowed the gu.ttor to be cut to a measu.red 
length and installed, whereas on the first house it had boon cut and fitted to 
allow a return around the end of the building (Drawings No. 1, 5 and 16) . The 
third masonry house was built with wide overhanging eaves and no gutters. 
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OPERATION NO. 15 WI:NDOvJS AND DOORS, EXTERIOR 
Approximate percentage of total time - 3.1 
Pre-fit and glazed sash were used on all frame houses. The variations in 
time are due primarily to a reduction of non-productive time and a reduction 
of time on 11Fitting and. Nailing11 • The latter is the result of more uniform 
openings due to the pre-cutting of lumber. 
On the masonry houses, some difficulty was experienced with the door 
treatment, particularly at the sill and in the blocking required for metal 
trim used at the windows. On the second masonry house, the high amount of 
time attributed to "Error 11 is due to the incorrect assembly of the wood sur-
rounds on the steel sash. 
Recommendation: Pre-fit and hung sash should be used. 
OPERATION NO. 16 CHIHNEY 
Approximate percentage of total time - 1.0 
No effort was made to change the methods used by the n~sons in building 
the chimneys • 
Va11iations of as nruch as ten hours reflect weather conditions and varia-
tions in worlcroon. Productive time is consistent throughout all houses. Under 
the subcontract system used locally, the mason contractor delivered men to 
the job and picked them up when he thought the work should be finished. 
Delays in getting material and picking up the men account for the variations 
in time recorded. 
OPERATION NO. 17 PORCH 
Approximate percentage of total time - 2.5 
Variations in site conditions make the comparison of these items impos-
sible. 
OPERATION NO. 18 v.JALLBOARD - Gypsum 
Approximate percentage of total time - 7.5 
The greatest single saving on the entire job was made in this classifica-
tion. "Supervision11 , "Neasure", "Hark and Saw11 , and "Fit and Nail" -vmre the 
four elements which reflected the saving due entirely to layout t·rork in the 
drafting room. 
In the first frame house, the gypsum board was installed t1uch the Hay 
gypsum lath is treated; that is, the various svxfaces of the rooms and closets, 
both walls and ceilings, were treated individually. On the second and third. 
frame houses, the "open room" technique was employed, the entire ceiling areas 
and all exterior wall area being installed before partitions were erected. On 
the first house, sheets 4 x 8 \.Tere used tJ:l..roughout. On tho second and third 
houses, sheets 4 x 12 were used uhenever possible, thus reducing the number of 
.38 
pieces to be handled and tho number of joints to be treated. Manufacturors 1 
instructions regarding the installation of material were followed, the only 
variation being that a few feet of wallboard were occasionally wasted in order 
to eliminate joints or to locate the joints in closets or other places where 
they would not be visible (Drawing No. 13). 
Only the ceilings and interior partitions of the masonry houses were 
covered with wallboard (See Operation No. 37 - Plaster). Reduction in time on 
the third masonry house reflects a saving in handling the ceiling as one unit. 
On th0 second masonry house, excessi vo time was chal"'god to "Obstructions11 and 
11Assist" clue to storage of materials within the house (Flooring - Appendi:=r No. 
25). 
Recommendation: To achieve n~ econornw in tho handling of sheet 
material such as dry wall finish, the following are necessary: 
1. Us.c of the tt open room11 technique. 
2. Complete and detailed layouts for tho installation of 1naterial made 
in tho drafting room. (It is linpossible to got an economical layout without 
this step. The workmen cannot be expected ~o do design and layout on the 
job.) 
OPERATION NO. 19 CEILING Ii·TSULATION 
Approximate percentage of .total time- 0.4 
Although only a small number of hours arc . required for the application of 
ceiling insulation, throe different methods were tried: 
F-1 After ceiling was in place. 
F-2 Before coiling uas installed. 
F-3 As ceiling was being installed. 
M-1 Before ceiling was installed. 
M-2 Before ceiling was installed. 
M-3 As ceiling was being installed. 
Recommendation: It is most convenient for the worlcmen to apply the in-
sulation batts as each sh0et of wallboard is placed. This eliminates several 
difficulties, such as crawling through small attic areas if the material is 
applied afterward and of holding tho insulation in place if it is applied 
before the ceiling material. 
OPERATION NO. 20 WALLBOARD - Taping 
Approximate percentage of total tune - 4.0 
This operation is keyed directly with the installation of the wallboard 
(Operation No. 18). The reduction in the number of feet of joint to be 
treated from 1,021 to 846 feet from the first to the second frame house is the 
direct result of: 1) the use of a layout prepared in the drafting room; and 
2) added convenience because most of the joints wore horizontal instead of ver-
tical. / 
A second revised layout, together ui th increased sldll on tho part of the 
worlanen, is reflected in tho reduction from tho second to tho third frame 
( 
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house. In the latter house, the joints and the ceiling on the outside wall 
were taped prior to the installation of partitions which reduced the nlli~ber of 
corner ends to be treated. 
Feet per hou.r Feet per hour Feet per hour 
House Feet of Joint Total Skilled Productive 
F-1 1021 7.85 9.3 11.75 
F-2 8~.6 8.9 10.3 13.0 
F-3 846 17.5 18.0 27.2 
The three masonry houses were taped by the plasterers. (The carpenters 
did the work on tho frame houses and painters have claimed it on other jobs in 
this area.) The increase in time from the first to the third house is due to 
variations in worlanen and irregularities in the ceiling joist and wall studs. 
The similar reduction in the number of feet of joint shovm above for the frame 
houses was also carried out on the masonry houses. 
OPERATION NO. 21 INTERIOR TRIH 
Approximate percentage of total time - 7.0 
The same type of trim t.ras used throughout all of the houses. It was 
reasonably uniform as to quality and there was little variation in the sur-
faces over which the trim was applied. Reductions in time are almost entirely 
tho result of an organized cutting and installation schedule. 
In order to reduce tho amount of 11 running around" '\-rhich t.ras observed on 
tho first house, a cutting table was set up. One man operated tho miter saw, 
pro-cutting both miters on the head casing and tho miter on the side casing. 
He did not cut the side casing to exact length. The carpenter installing the 
trim then placed the head casing, moast~od and cut the ' side casing to length, 
and installed all three pieces. Variations in tho margin, or reveal, '.rerc 
made in order to secure a tight miter joint. This system is effective oven if 
only one or two men are used to install trim; it is imperative if more than 
t\.ro men are working at one time. 
Recommendation: A cutting bench and schedule should be sot up and trim 
pro-cut. 
OPERATION NO. 22 INTERIOR - Doors 
Approximate percentage of total time - 3.1 
Throe different types of doors were used, each pair of houses rece1v2ng 
a different typo. Doors for tho first pair had two panels;· the second pair 
had six panels; and tho third pair were flush. It was originally intended to 
determine if the increased cost of the flush doors could be j~stificd by re-
ducing the labor in fitting and painting. 
Tho doors were not hung by the same man and therefore variations t.rcre too 
groat to allow any comparison. 
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Recommendation: A man's tDno in hanging doors decreases steadily per 
door for several days, It is roconnnendod that in this, as in as many opera-
tions as possible, the worl~n be allowed to continuo at one operation for 
some time and not be taken from one type of work to another in rapid succes-
sion. 
OPERATION NO. 23 HARDWARE 
Approximate percentage of total time - 1.0 
Time on the first two frame houses is obviously incomplete. On the 
masonry houses, tho time recorded reflects individual workmen's variations, 
inasmuch as same type of hardware and installation methods wore used through-
out. 
OPERATION NO. 24 HARD\JOOD FLOORING 
Approximate percentage of total time - 2.5 
The finished oak floors in tho first pair of houses were laid .aftor tho 
partitions were in place. Tho other four houses wore treated as one room and 
tho oak flooring laid over the entire area prior to erection of partitions. 
The floor was protected with sisalkraft paper, lath ar battens covering the 
joints between sheets. No damage to tho flooring was visible when the protec-
tive covering was removed. 
Time was saved by installing flooring in this fashion. Here, as in pre-
cut lumber, saving is frequently noted in other clements than the principal 
ones of 11Mark and Saw, n and "Fit and Nail". 
Tho second masonry house was used as a storeroom for material during the 
winter months. In this house, tho 12 hours charged to ''Remove Obstructions" 
wore largely the result of handling material which should not have boon stored 
in tho building but could not be placed elsewhere. 
Recomroondation: Finished wood flooring should be laid over the entire 
area before tho partitions arc erected. 
OPERATION NO. 25 LINOLEUN AND PLY\rJOOD 
Approximate percentage of total time - 0.6 
This operation represents such a small percentage of total time that 
variations arc not too serious. It is interesting to note that all the lino-
leum was installed by the same pair of workmen, and that the best time 
recorded was on tho third frame house. The observation made by tho time-study 
worlwr was: nHe was in a hurry". 
OPERATION NO. 26 PLUMBING EXTERIOR 
Approximate percentage of total time - 1.3 
No comparison can be n~do due to differences in tho length of sower, and 
variations in the depth of the sower ditch and in tho number of obstructions 
encountered. 
OPERATION NO. 27 INTERIOR PLUMBING 
Approximate percentage of total time - 3.5 
The plumbers objected to the presenCe of time-study workmen. Conse-
quently, time is recorded as "On Job" time for all houses after the first. 
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Plumbing code limitations made the number of changes possible very 
limited. A layout was made after the first house was completed and was fol-
lowed for all subsequent work (Drawing No. 20). 
The reduction of time from 80 hours on the first house to an average of 
50 hours on the other five houses is due to: 1) the reduction of the number 
of fittings and joints resulting from improved layout, and 2) to the fact that 
the plumbor was not faced with the problem of cutting wall studs and working 
his pipe in and through existing partitions. 
RecoiiiiDCndation: Complete plumbing layout must be made and plumbing 
should be installed before the interior partitions are erected. 
OPERATION NO. 28 SANITARY DRAINS AND SUlvlP 
Approximate percentage of total time - 1.1 
Variations in site conditions make comparisons of this operation of 
little value. The third masonry ho'l_lse 'Was subject to rather serious \-tater 
problems in the basement whieh is reflected under "Digging and Filling". 
OPERATION NO. 29 BASEMENT FLOORS, SILLS, GRAVEL 
Approximate percentage of total time - 3.1 
Variations in time reflect differences in temperature, setting time for 
the concrete, and working conditions, both in the basement and on the ground 
outside. No changes in technique were tried and no direct comparison between 
houses is possible. 
OPERATION NO. 30 INSTALL ELECTRICITY 
Approximate percentage of total time - 2.3 
Great variation was noted in the individual skill of the workmen 
involved. 
The increase of time on the second and third frame houses is the natural 
result of the construction technique which requires that the electrician rough 
in the outside wall openings and then return at a later date to rough in out-
lets in partitions. 
The masonry houses required the installation of conduit in the exterior 
masonry walls while the frame houses were wired throughout with non-metallic 
sheathed cable. This is reflected in the greater number of hours required for 
the three masonry houses. The excessive time on the third masonry houses is 
due to individual workmen rather than to a change in method. 
OPERATION NO. 31 INSTALL TELiPOR.AnY POWER 
No comparison can be made due to the differences in site conditions. 
OPERATION NO. 32 HEATING SYSTEl,f 
Approximate percentage of total time - 2.2 
No attempt -vras made to change the heating system until tho last two 
houses, F-3 and M-3, were reached. In those houses, baseboard typo warm-air 
registers wore used instead of tho floor registers specified for the first 
four houses. Results were fairly consistent but the time indicated docs not 
show tho amount of shop time required to fabricate special fittings. 
Recommendation: 
tors should be used. 
struction. 
For greatest economy vrith warm-air heating, floor regis-
Base registers may be used with the tip-up wall con-
OPERATION NO. 33 PAINT EXTERIOR 
Approximate percentage of total time - 2.3 
The application of one prime coat to all exterior woodwork before it was 
erected is reflected in tho reduction of time between the first two frame 
houses. The . actual time of painting was similar in both houses. Since no 
changes were considered on some of tho later houses, much of tho time was re-
corded as gross or 11 0n Job11 time and viaS not subdivided into clements. Tho 
third frame house required additional time duo to inclement weather. 
In tho three masonry houses, tho increase of time shown on the second and 
third houses is attributed to individual worlaoon for the second house, and tho 
addition of tho wide overhanging caves requiring more paint for the third 
house. No spray painting or other advanced to olmiqucs wore tried. 
Rccommcndatio..n: As nru.ch material as possible $hould be painted before it 
is installed in the house. 
OPERATION NO. 34 INTERIOR PAINTING 
Approximate percentage of .total time - 7.2 
On this operation, comparison of tho first two frame houses only arc pos-
sible duo to the high percentage of "On Job" time on tho last four houses. 
No changes in technique were tried except tho pro-painting of trim prior 
to erection. Individual variations between \-torkmcn arc too great to allow 
much comparison between houses. 
B£commcndation: As much material as possible should be painted before it 
is installed in tho house. 
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OPERATION NO. 35 STAffiWAY 
Approximate percentage of total time - 1.0 
Tho stairway for Frame house No. l was built in place. Stairways for the 
other houses were pre-cut, assembled and installed in one piece. 
Reduction in time as the men became familiar with tho work indicates that 
pro-cutting and pro-assembly can probably be applied to almost any operation. 
OPERATION NO. 36 CABINETS AND SHELVING 
Approximate percentage of total time - 1.5 
Tho first two frame houses were identical in cabinets and shelving, tho 
reduction in time being due to: 1) pre-assembly of kitchen cabinets off the 
site, and 2) to tho organization of cutting and fitting - a continuation of 
the policy of using cutting schedules. 
Tho other four houses (F-3, M-1, M-2, M-3) included tho construction of 
a bookcase storage unit to replace tho coat closet immediately to tho right of 
the entrance door. These four cabinets wore assenbled by one man and tho 
total time for the four houses distributed among the four houses. This 
accounts for the increase on the third frame house. 
OPERATION NO. 37 PLASTER 
Approximate percentage of total time - 4.0 
This operation applies to the exterior walls of tho three masonry houses 
only. Tho first house was plastered \vi th tho partitions in place. Weather 
conditions wore good. 
The second house was plastered as one large room. Weather conditions 
wore bad, and temporary heat was needed. 
The third house was plastered as one largo room, ll ca thor conditions were 
good. 
A saving of 15 hours between the first and the third house reflects tho 
reduction in time required to move in and out of small rooms • The time on 
plastering includes: applying waterproof plaster base to the cement block, 
forming tho interior surface of tho cavity wall, and installing metal trim at 
the \-Tindows. 
OPERATION NO. 38 UNCLASSIFIED 
Approximate percentage of total time - 1.2 
This operation includes all time not charged to any other operation or 
craft. It includes such items as clean-up timo which is not a definite part 
of any other operation, miscellaneous inspections, etc. No comparison between 
houses is possible. 
OPERATION NO. 39 LANDSCAPING 
Approximate percentage of total time - 0.5 
No comparison be~vecn houses is possible due to variations in site condi-
tions, amount of fill required, etc. 
OPERATION LISTING 
1. Layout and Batter Boards 
2. Excavation 
3. Footings 
4. Build and Waterproof Foundation Wall 
5. Sill Plate and Floor Joist 
6. Subfloor 
7. Studding 
8. Shea thing 
9. Roof Trusses 
10. Roof Sheathing, Felt, and Shingles 
11. Gable Ends and louvers 
12. Weatherboarding or Masonry Exterior Wall 
13. Cornice 
14. Gutters 
15. Windows and Doors, Exterior 
16. Chimneys 
17. Porch 
18. Wallboard - Gypsum 
19. Gelling Insulation 
20. Wallboard - Taping 
21. Interior Trim 
22. Interior Doors 
23. Hardware 
24. Hardwood Flooring 
25. Linoleum and Plywood 
26. Plumbing, Exterior (water main) 
27. Plumbing, Interior 
28. Sanitary Sewer, Footing Drains and Sump 
29. Basement Floor, Sllls, Gravel 
30. Install Electricity 
31. Install Temporary Power 
32. Install Heating System 
33. Paint, Exterior 
34. Paint, Interior 
3 5. Stairway 
36. Cabinets and Shelving 
37. Plaster 
38. Landscaping 
39. Unclassified 
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DEI' AIL ELEivlENT LISTING 
1. Tools 
2. Materials 
3. Supervise 
4. Measure, Level, Plumb 
5. Mark and Saw 
6. Fit and Nail, Screw, or Bolt 
7. Assist 
8. Error 
9. Idle Personal 
10. Idle Avoidable 
11. Idle Unavoidable 
12. Temporary Construction 
13. Digging and Filling 
14. Staking 
15. Mac:binery 
16. Remove Obstructions 
17. Pour and Finish Concrete 
18. Strip Forms 
19. Tiling 
20. Spread Gravel 
21. Miscellaneous 
22. Paint 
23. Electrical Wiring 
24. Lay Tar Paper 
25. Drill 
26. Lay Block and Brick 
27. Plaster and Tool Joint 
28. Mix and Temper 
29. Caulk 
30. Set Ties or Clips 
31. Cut Pipe or Conduit 
32. Make Connections, Pipe or Conduit 
33. Cut for Conduit or Pipe Installation 
34. Fit and Secure Conduit or Pipe 
35. Cut for Receptacle Outlet Installation 
36. Install Outlet 
37. Set Glass, Putty Nails, Cracks, Joints, etc. 
38. Plumbing Fittings 
39. Install Insulation 
40. Apply Tape 
41. Sandpaper 
42. On Job 
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ELEMENT TALLY SHEEr 
Operation~-------------------------- House No··----------
Operation No. Date Study Taken ____ _ 
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OPERATIOli SlJl.ll11L.'tlY SHEET 
Operation Number ____ __ Name of Operation~------------
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N,P, 1. LAYOUT AND BATTER ~ 
House F-1 F-2 F-3 i:-1 ii-2 H-3 
- .............. - ----·-----............-
r/Total Hours 12.396 12.573 1.3.740 12.0D9 7.31:2 13.211 
Sl::il1ed 10.664 6.097 11.320 10.557 3.566 G.C12 
Unsl::illed 1.732 6.476 2.420 1.532 3.776 4.399 
Elei.lents 
Tools .403 1.354 .892 .384 .087 .982 
Haterials .777 .358 .. 756 .415 .515 .503 
Su1:ervise 1.434 .501 2.1:46 3.61£ .16G 1.876 
He a sure ~ Level, ~::;lunb 3.799 3.971 4.732 4.084 2.208 5.1.39 
lark & Saw 2.510 .497 .275 .892 1.002 .329 
Fit & Nail .969 .615 .801 .544 .545 .5L2 
Assist .504 ~356 .263 
Error .145 
Idle Personal .149 .194 ~259 .197 .180 ~J53 
Idle A voidable ~538 .597 ~138 .335 .521 .467 
Idle Unavoidable ~825 .209 1.425 .217 .022 1.951 
Temporary Construction .151 
Dieging & Filling .:J-30 .064 .351 ... 
~ Stal~ing .207 3.321 1.358 1.274 1.5LI-3 • 6(;1 
Remove Obstructions .956 .093 .099 .200 •. 125 
. 
~!otal Time 12.396 12 • .573 13.7/J) J2.0B9 7.342 13.211 
Productive Time 9.553 S.905 10;032 10.41+2 5.817 S.830 
~ Pre para ti on Time 1.331 2.668 1 • .741 .89B .G'02 1.610 
Non-productive Time 1.512 1,000 1.967 .749 .723 2.771 
.. ----- ----- - ~ 
Appendix No. 1 
L 
NO. 2 EXCAVATION 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 13.395 6.724 17.633 7~412 11.670 12.978 
Skilled 5.220 2.620 7.340 2.033 3.777 5.298 
Unskilled 3.175 4.104 . 10.293 5.379 7.893 7.600 
Elements 
Tools .463 1.072 .532 ,.227 .,164 
~iaterials 
-
.. 
-
~293 
Supervise ~860 ... .368 
-
.342 .855 
1Iea::::ure, Levels Plumb .603 .502 ~734 .966 1.076 1.570 
Error .704 ... 
-Idle Personal .324 3.322 .848 .307 
Idle A voidable 2.250 1.503 .,; 5~025 .611 
Idle Unavoidable 3.178 ~172 6.379 2~669 .• 227 4.422 
Digging & Filling 4~134 2.267 4.815 2.694 3.387 2 .. 472 
Staking .629 ... .185 .326 1.588 
Ha.c_linery .954 .461 1.025 .225 1.386 ~637 
Remove Obstructions 
-
.059 
Total Time 13~395 6.724 17~633 7.412 11.670 12.978 
?roducti ve Time 7,180 3.230 7.127 1.517 2.804 7~122 
Preparation Time .463 1.072 .532 .227 . • 516 
Non-}Foductive Time 5.752 3.494 9.434 5.363 s.639 5.340 
Appendix No. 2 
NO. 3 FOOTINGS 
fouse F-1 F-2 F-3 M-1 M-2 M-3 
rotal Hours 45.412 42.457 46.615 55.182 42.118 39.232 
Skilled 14.505 14.306 37.006 41.735 13.529 17.953 
Unskilled 30.907 28.151 9.6o9 13.447 28.589 21.279 
nements: 
Tools 2.211 1.645 3.529 2.506 2.452 2.616 
Materials 1.444 2.833 1.650 4.982 2.261 3.051 
Supervise 2.374 1.147 2.328 2.967 1.129 .892 
Measure, Level, Plumb 4.810 3.878 5.952 2.673 2.722 3.890 
Mark & Saw .988 .068 .351 3.059 .286 .416 
Fit & Nail 4.394 4.387 4.643 6.050 4.891 
Assist .563 .067 .270 
Error .282 1.365 .020 .393 
Idle Personal .686 . 2.598 1.984 .393 .417 .953 
Idle Avoidable 3.731 2.980 1.779 .826 2.326 1.679 
Idle Unavoidable 1.654 6.118 4.715 9.704 8.282 7.'781 
Temporary Construction 2.384 .149 .140 1.723 1.199 
Digging & Filling 5.957 9.883 12.401 10.609 8.079 11.727 
Staking 2.021 2.513 2.381 1.029 . • 897 1.615 
Remove Obstructions .262 .116 1.140 
Pour & Finish Concrete 9.451 3.836 3.127 7.892 5.001 2.602 
Strip Forms 2.482 .289 .078 2.352 .492 .148 
otal Time 45.412 42.457 46.615 55.182 42.118 39.232 
Productive Time 33.040 26.001 31.328 36.631 23.497 21.560 
Preparation Time 6.301 4-478 5.444 7.628 7.576 6.866 
Non-productive Time 6.071 11.978 9.843 10.923 11.045 10.806 
Appendix No. 3 
NO. 4 BUILD AND WATERffiOOF FOUNDATION WALL 
House F-1 F-2 F-3 M-1 M-2 Ivl-3 
Total Hours 92.657 65.993 58~045 110.076 120~792 100~541 
Sld.lled 49~260 . 31~307 23~542 58.040 63.934 41~226 
Unsldlled 43.397 34.6f36 34.503 52.036 56.858 59.315 
Elements 
Tools 2~066 5.597 1.652 6.726 7~39G 6~004 
Materials 19;494 12~689 14.963 22.C39 26~C67 25.078 
Supervise 4~321 1.269 3.4G9 2.439 2~080 3.781 
Heasure,Level, Plumb 4.000 2.849 2.244 5.569 4~038 2.670 
Hark & Sa\-r ~087 
-
.221 .399 
Fit & Nail 1.808 • 825 .OG2 . 3.356 2.469 1.360 
Assrst ~173 .014 .• 001 
Error .736 , .720 .046 - ' 
Idle Personal .983 3.874 .372 3.654 lO.C95 1.938 
Idle Avoidable 9.060 3.502 1.154 4.989 2.198 .609 
Idle Unavoidable 6.376 3.875 3.205 10.435 5.(:JJ7 5.591 
Temporary Construction 8.938 3.065 .700 4.128 3.136 3.803 
Digging & Filling ... .109 ~153 .-285 
Remove Obstructions 1.014 .052 4.509 .964 .163 1.700 
Pour & Finish Concrete . S74 
Paint 3.704 3.626 ' 4~629 6~4B9 5.361 7.364 
Lay Tar Paper .555 .225. .080 
Drill .829 
-
. . 
- -
Lay Block & Brick 23.677 13.C79 12.306 22.061 26.476 27.417 
Plaster & Tool Joint 3.676 4.862 1.096 9.1:.51 14.077 3.511 
lux & Temper 3~190 4.377 6.970 4.604 9.368 8.827 
Set Ties or Clips .350 .565 .123 
Total~ Time 92.657 65.993 58.045 110.076 120.792 100.541 
Productive Time 41~536 28~226 24~520 50~967 55.114 4.6.991 
Prelnra tion Time 34.702 25.700 28.794 39~311 46~932 45.412 
Non-productive Time 16.419 11.987 4.731 19.798 18.746 8.138 
Appendix No. 4 
NO. 5 SILL PLA'l1E AND FLOOR JOIST 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 39.811 41.423 29.823 32.940 44.301 38.433 
Skilled 29.208 38.512 29.823 32.940 14.558 23.942 
Unskilled 10.603 2.911 29.743 14.491 
Elements 
Tools 1.083 2.338 .858 1.190 1,572 ' .426 
Materials 2.703 3.183 2.654 2.028 4.324 5.825 
Supervise 4.C32 5.021 3.878 5.092 3.246 3.196 
Measure,Level, Plumb 4.355 6.Q41 4.137 4.778 4.030 1.;090 
Mark & Saw 3.581 2.467 1.496 3.685 5.034 1.645 
Fit & Nail 11.399 11.513 7.881 8.278 11.745 7.607 
Assist .898 3.012 2.029 5.775 
Error .457 .058 2.057 -.199 8.078 
Idle Personal .450 1.538 .213 2.342 3.812 ' .374 
Idle Avoidable 6.677 2,119 .329 .816 2.101 1.684 
Idle Unavoidable 2.643 3.750 4.966 .802 4.389 1.179 
Temporary Construction .477 .863 .014 .503 .820 .481 
Remove Obstructions .175 .625 .206 .478 .975 
Lay Tar Paper .564 .673 
Drill .415 .394 .327 1.163 .522 .098 
Total Time 39.811 41.423 29.823 32;91./J 44.301 38.433 
Productive Time 25.156 27 ,OJ.S 20.735 22.990 25.496 19.413 
Prep3.ration Time 4.435 7.005 3.520 .3..920 8.304 7.705 
Non-productive Time 10,220 7.400 5.568 6.030 10.501 11.315 
Appendix No, 5 
NO. 6 SUB-FLOOR 
Hot,_se F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 22.192 21.340 34.945 22.431 2l.534 45~685 
Skilled 17.653 16.327 34.465 20.531 12.458 28.444 
Unskilled 4.539 5.013 .480 1.900 9.076 17.241 
Elements 
Tools .953 ~082 1.115 .828 .958 1.701 
Materials 2.007 2.095 3.813 1.460 1.621 5.697 
Supervise .973 .417 .657 .48S .418 6.547 
~1easure ,Level, Plurab 1.266 .371 3.511 .255 .224 2.856 
l'Iark & Saw 3.959 3.508 4.941 3.742 4.899 3.647 
Fit & Nail 7.651 8.288 18.049 8.373 6.729 12.608 
Assist .324 1.096 .449 3.995 
Error .165 .203 .014 .017 .416 
Idle Personal .740 .907 .B40 3.218 .541 1.484 
Idle Avoidable 2.948 2.946 .484 1.927 ~695 2.383 
Idle Unavo.idable .911 l.L:-34 .lCS 1.444 3.444 3.938 
Temporary Construction 
.1+53 .140 .237 .018 .127 ~040 
Remove Obstructions .166 .040 .661 1.429 .373 
On Job .585 
Total Time 22.192 21.340 34.945 22.431 21.534 45.685 
Productive Time 13.849 13.493 28.254 12.858 12.719 29.653 
Preparation Time 3.579 2.357 5.165 2.967 4.135 7.811 
Non-productive Time 4.764 5.490 1.526 6.606 4.680 8.221 
Appendix No • 6 
NO. 7 STUDDING 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 136.564 148.455 132.272') 63.598 60,826 61.148 
Skilled 107.863 122,278 117.950 59.987 47.306 52.909 
lrnskilled 28.701 26,177 14.322 3.611 13.520 8.239 
Elements 
Tools 7.288 3.393 5.633 3.0S8 2.115 1.152 
Materials 9.399 9.766 14.291 3.587 4.633 4.324 
Supervise 15.520 16.184 13.740 13.111 6.931 5.602 
Measure,Level, Plumb 13.222 22.963 16~938 ' 7.674 5.840 5.737 
Mark & Saw 1S.217 13.263 11.459 8.265 10.000 4.372 
Fit & Nail 33.656 44.4136 38.677 18,253 17.684 17.688 
Assist 4.290 4.958 6,292 2.411 6.641 4.197 
Error 6.724 3.184 1.798 1.341 .329 1.421 
Idle Personal 1.574 7.147 2,712 1.765 .616 1.706 
Idle Avoidable 17.285 7.944 1.457 .634 .436 1.762 
Idle Unavoidable 5.485 11.187 8.181 2,061 .742 1.530 
Temporary Construction 1.698 2.264 6,086 .891 1.293 .161 
Remove Obstructions 2.100 1.480 3.568 .517 2.627 2.496 
Drill .106 .151 
Sandpaper ,085 
On Job 1.440 .939 9.000 
Total Time 136.564 148.455 132.272 63.598 60.8,26 61.148 
Productive Time 85.011 102.090 88 .546 49.714 48.035 46.596 
Preparation Time 20.485 16.903 29.578 8,083 10.668 G,133 
Non-productive Time 31.068 29.462 14.148 5.801 2.123 6.419 
Appendix No. 7 
NO, 8 SHEATHING 
House F-1 F-2 F-3 
Total Hours 49.23.1 45.153 26,831 
Skilled 28~771 24.445 23.020 
Unskilled 20-.4f:JJ 20.708 3.811 
Elements 
Tools 1.510 1.054 .447 
Materials .. 3.039 2.382 2.463 
Supervise .778 .645 3.551 
Meas1..1re ,Level, Plumb 4.221 1.890 2.178 
Mark & Saw . -7,816 7.252 3.451 
Fit & Nail 15.487 16.964 10.446 
Assist 1 .. 473 1.725 1.883 
Error ,025 .093 .060 
Idle Personal 1.609 3.087 .155 
Idle Avoidable 8.183 3.866 .555 
Idle Unavoidable 2.263 . 5.208 1.284 
Temporary Construction 2.133 ,219 .338 
Remove Obstructions ~536 .768 ,020 
Miscellaneous ,158 
Total Time 49.23.1 45.153 26~ C31 
Productive Time 29.93.3 28.470 21.509 
Prepar2.tion Time 7.218 4.423 3.268 
Non-productive Time 12.080 12.260 2.054 
Appendix No. 8 
t 
NO, 9 ROOF TRUSS AND VALlEY 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 79.726 75.439 46.662 87.013 55.899 7$.186 
Skilled 66.723 48.259 37.&16 44.724 44.106 58.871 
Unskilled 13.003 27.180 9.056 42.289 11.793 19.315 
Elements 
Tools 3.680 3.261 1.704 4.283 1.975 1.800 
Materials 5.504 8,105 11.040 15.919 8.141 17.502 
Supervise 7.025 3.336 3.009 6.546 6.706 5.435 
Measure, Level, Plumb 9.258 L.,.872 1.622 4.718 3.596 4.081 
Mark & Saw 11.940 8.175 5.664 8.183 3.770 6.899 
Fit & Nail 14.397 14-312" 6.890 12.559 9.833 16.714 
Assist .586 2,873 3.425 11.2S5 3.470 6.044 
Error 8.435 2.278 .676 .061 .103 .290 
Idle Personal L:-.198 3.150 .678 2~039 .815 .696 
Idle A voidable 5.301 5.533 .410 4.155 .700 .604 
Idle Unavoidable 3.435 8.387 2.141 9.186 4.871 3.975 
Temporary Construction 5.524 11.112 8.219 7.085 8.480 10.698 
Remove Obstructions . .443 .045 1.18L. .. .715 1.718 3.376 
Electrical Hiring .072 
Drill 
-
.279 .721 
On Job 
-
1.000 
Total Time 79.726 75.439 46.662 87.013 55.899 78.186 
Productive Time 43.206 33.568 20,610 43.570 29.096 39.245 "" 
Preparation Time 15.151 22.523 22.147 28,002 20.314 33.376 
Non-productive Time 21,)69 19.348 3.905 15.41J. 6.489 5.565 
Appendix No. 9 
NO. 9 ROOF TRUSS AND JIG 
House 
Total Hours 
Skilled 
Unskilled 
Elements: 
Tools 
Materials 
Supervise 
Mark & Saw 
Fit & Nail 
Idle Personal 
Idle Avoidable 
Total Time 
Productive Time 
Preparation Time 
Non-productive Time 
F-2 
5.292 
5.292 
2.954 
.292 
.820 
.200 
.398 
.224 
.404 
5.292 
1.418 
3.246 
.628 
Appendix No. 10 
NO. 10 ROOF SHEATHING, FELT, AND SHINGLES 
House F-1 F-2 F-3 M-1 N-2 M-3 
Total Hours 132.384 108~344 97.582 112;659 103.195 91.140 
Skilled 93.121 70.B45 69.536 92.039 S0.376 68.3J5 
Unskilled 39.263 37.499 28.046 20.620 22.$19 22.005 
Elements 
Tools 4.332 2.657 1.996 3.070 3.&S6 .513 
l-faterials C.409 7.083 12.606 18.600 17.4:32 9.068 
Supervise 9.255 3.487 6.779 5.609 4.440 6.684 
Measure,Level, Plu~b 51931 4.4C4 5.821 4.363 3.446 3.082 
Hark & Saw 10.529 6~780 7.517 4.907 6~341 9.855 
Fit & Nail 56.059 50.860 34.204 50.875 38.202 35.596 
Assist 1.706 1.403 6. C.96 2.910 4.349 4.681 
Error 2.345 .164 .252 .260 .o66 .129 
Idle Personal 4.765 6.s2e 2.695 2.193 3.345 3~019 
Idle Avoidable 12.342 S.979 2.123 4.G4S 1.655 1.87:3 
Idle Unavoidable 9.S92 9.781 2~951 4.439 4.764 4.C46 
Temporary Construction 3.433 1.863 1.068 3.298 .528 1.407 
Digging & Filling 
-
~049 .350 
Renove Obstructions ·3.376 1.975 3.901 1.209 3.140 5.206 
LC~.y Tar Paper .010 8.724 5.72g 11.751 4.62S 
·Drill .553 
Total Tine 132.384 108.344 97.582 112.659 103.195 9l.lL;.O 
Productive Time G3.490 69.014 69.990 74.742 68.529 65.C!79 
Preparation Time 19~550 13.578 19.571 26.1"f'/7 24.836 16.194 
Non-prodt1.cti ve Time 29.344 25.752 C.02l 11.740 9.830 9.S67 
Appendix No. 11 
NO. 11 GABLE ENDS A1iD LOUVERS 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 5.144 1.646 57.332 71.124 49.472 70.171 
Sl~illed 4.491 1.646 2.osn ~170 .637 1~422 
Unskilled .653 55.274 70.954 48.835 68.749 
Elements 
Tools .277 .4.04 .3.C41 2.511 ~964 2.872 
Materials .375 .064 1') .007 7.171 6.277 8.268 
Supervise ~430 .177 5.437 4.955 6.232 7.530 
He~sure,Leve1, Plumb .117 .168 5.4$1 5.066 4.225 5.818 
Mark & Saw ~947 . • 295 8.763 13.152 7.692 11.042 
Fit & Nail 1.756 .450 12.206 18.267 10.582 14.663 
Assist .010 3.47S 5.110 2.895 5.164 
Error 1.650 .403 .277 .422 
Idle Personal ~279 .017 .648 1.631 .4Z4 1.940 
Idle Avoidable .388 .071 .335 1.177 .620 1.476 
Idle Unavoidable .505 
-
3.840 10.061 2.093 3.853 
Temporary Construction .685 .615 .964 1.029 
Remove Obstructions .060 .197 .7$8 .114 5.738 
Electrical Y-liring .160 .356 
Lay Tar Paper .74fJ .L'r93 
Drill .016 
l.fu.ke Connections 
-
~127 
On Job .090 5.400 
Total Time 5.1L~ 1.646 57.332 71.124 49.-472 70.171 
Productive Time 3~260 1;"090 36.129 46.767 37.679 44.573 
Preparation Time .7J2 ~·. 14.7.30 11.085 8.319 17.907 
Non-productive Time 1.172 .088 6.473 13.272 3.474 7.691 
Appendix No. 12 
NO. 12 WEATHERBOARDING OR MASONRY EXTERIOR WALL 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 142.233 139.762 73.281 271.700 198.468 274.004 
Skilled 106.445 78.983 53.888 140.312 118.377 148.180 
Unskilled 35.788 60.779 19.393 131.388 80.091 125.824 
Elements: 
Tools 5.901 7.149 2.926 13.257 11.288 3.477 
Materials 6.293 11.535 3.196 62.851 45.273 47.031 
Supervise 7.209 3.682 3.958 11.436 6.817 17.807 
Measure, Level, Plumb 11.083 11.5.33 3.430 15.342 10.797 12.030 
. Mark & Saw 17.784 18.341 10.728 2.230 3.584 
Fit & Nail 48.645 32.245 21.694 4.978 .501 12.613 
Assist 7.238 14.423 9.498 3.44S .549 5.018 
Error 2.580 1.070 1.643 .087 .493 .371 
Idle Personal 6.125 6.318 4.652 7.411 3.794 3.383 
Idle Avoidable 6.900 5.763 .781 17.167 5.371 4.673 
Idle Unavoidable 12.124 14.029 3.385 23.591 8.231 11.003 
Temporary Construction 6.239 6.823 2.942 11.712 7.o64 7.269 
Digging & Filling .919 
-Remove Obstructions 2.639 6.074 .552 4.034 3.847 7.401 
Lay Tar Paper 1.434 .896 .436 
Drill 1.189 .390 .096 .339 .417 
Lay Block & Brick 57.507 68.296 68.292 
Plaster & Tool Joint 13.726 6.979 6.548 
Mix & Temper 17.981 16.108 13.244 
Caulk .284 .387 .029 .707 
Set Ties or Clips ).169 1.216 .873 
Plumbing Fittings .929 
On Job 3.800 46.898 
Total Time 142.233 139.762 73.281 271.700 198.468 274.004 
Productive Time 93.432 81.001 53.204 113.609 96.999 176.152 
Preparation Time 21.072 31.581 9.616 109.835 83.580 78.422 
Non-productive Time 27.729 27.180 10.461 48.256 17.889 19.430 
Appendix No. 13 
NO. 13 CORNICE 
House F-1 F-2 F-3 M-1 M-4 M-3 
'l'otal Hours 41.680 27.8Sl 29~975 .3.982 18.221 61.818 
Skill ed 41.273 12.884 23.979 3.982 15.124 59,.418 
Unskilled .407 14.99? 5.996 3.097 2 .. 400 ' 
Elements 
Tools 1.268 1.361 2.666 .228 1.168 2.298 
Materials 1.22.3 1.518 4.547 .. .945 2.927 
Supervise 2.663 .734 2.147 .345 1.605 5.797 
Hea.sure.Level. Plumb 1.268 .915 1.664 .392 1,266 3.168 
Mark & Saw 4.923 3.177 6.243 1.472 .868 7~870 
Fit & Nail 14.824 9.583 7.036 1.420 5.298 20.505 
Assist 1.049 1.4~ 2.277 
-
.703 3.528 
Error 2.356 .]22 .164 
-~· Idle Personal 1.474 .573 .291 
-
.041 1.5M 
Idle Avoidable 3.011 . 2.063 .18.3 2.022 
Idle Unavoidable 2.535 3.004 2.079 .l25 .85.3 3.280 
Temporary Construction 3.002 1.309 .288 .485 .853 
Remove Obstructions .224 .946 .010 .024 2.132 
~ Drill .308 .380 .464 
Caulk ,006 
On Job 1.860 4.965 5.430 
~otal Time 41.680 27.881 29.975 3.982 18 .221 61.818 
Pr<rluctive Time 26.587 16.185 19.747 3.629 14.705 46.762 
Preparation Time 5.717 5.134 7.511 .228 2.622 8.210 
-Non-productive Time 9.376 6.562 2.717 .125 .894 6.846 
Appendix No. l4 
NO, 14 GUTTER 
House F-1 F-2 F-3 N-1 M-2 M-3 
Total Hours 50.644 33.509 30.796 31.722 28.996 No 
Skilled 44.469 17.962 26.479 31.722 27.413 Gutter 
Unskilled 6.175 15.547 4.317 1.583 
Elements 
Tools 5.019 .695 1.152 1.993 1.673 
Materials 1.440 1.993 1.450 1.759 1.798 
Supervise 3.195 .962 1.77S 3.559 1.730 
Measure,Level, Plumb 2.273 .384 1.036 2.399 1.924 
Nark & Saw 3.964 2.9se 2.550 5.418 3.268 
Fit & Nail 13.778 4.837 3.8.39 6.511 4.052 
Assist 3.406 1.133 1.(M. 4.245 3.606 
Error 3.128 .379 
-Idle Personal 2.219 1.292 .476 .680 .4.35 
Idle Avoidable 1.699 1.177 .228 .802 .758 
Idle Unavoidable 5.054 5.911 3.0Cl 2.591 1.245 
Te~porary Construction .924 2.195 1.644 1.069 1.053 
Remove Obstructions .721 1.911 .200 
Drill .777 .527 .405 .661 .846 
Caulk 1.373 .515 .223 .035 .165 
Set Glass .023 
On Job 1,674 6.610 11.090 6.420 
Total Time 50.644 33.509 30.796 31.722 28.996 
Prcductive Time 30.440 17.956 22.565 22.828 22 .• 034 
Preparation Time C.104 6.794 4.446 4.S21 4.524 
Non-productive Time 12.100 8.759 3.785 4.073 2.438 
Appendix No. 15 
L. 
~TO. 15 WINDOWS AND DOORS, EXTERIOR 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 67.247 54.164 48 • .359 72.1S7 80.652 95.063 
Skilled 55.798 .32.010 38.608 56.839 63.252 87.724 
Unskilled 11.449 22.154 9.751 15.34$ 17.400 7 .SJ9 
Elements 
Tools 3.714 4.095 3.074 3.G08 1.924 5.593 
1--Ia.terials 3.832 2.758 2~430 3.703 6.044 6.348 
Supervise 3.722 4.7S7 2.666 5.265 3.480 4.456 
Hee.sure,Leve1, Plumb 4.701 1.523 2.999 3.509 7.740 6.711 
Hark & Saw 2.701 1.453 3.706 2.835 3.735 7~388 
Fit & Nail 29.014 19.361 20,012 19.872 15.180 35.779 
Assist 1.305 4.791 4.051 4.655 2.951 4.645 
Error 6.4.05 .140 4.946 8.053 1.254 
Idle Personal 2.001 1.373 .752 1.270 1.522 3.044 
Idle Avoidable 2.313 1.733 1.160 1.492 1.278 2.541 
Idle Unavoidable 1.588 11. ~211 2.114 4.097 4.1.,.22 2~704 
Temporary Construction 2.228 J;.222 3.773 6.714 5.484 . • 267 
Remove Obstructions 3~057 4.174 l.G22 1~795 5.1J.S 5.153 
Drill .666 .028 ,075 .116 .528 
Set Ties or Clips .5GB .546 
Set Glass 1.427 1~823 1.65.3 1.308 
Plumbing Fittings .452 
Install Insulation .647 
Sandpaper .104 .047 
On Job .500 5.876 10.655 7.297 
Total Time 67.247 54~164 4C.359 72.187 80~652 95~063 
Productive Time 42.109 34.458 33.434 41u362 46.807 68.159 
Pre1~ration Time 12.831 12.249 1n.s99 16.020 18.570 17.361 
Non-productive Time 12.307 7.457 4.026 11:.805 15.275 9.543 
lppendix No. 16 
L 
NO. 16 CHIMNEY 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 19.615 24.820 25.846 22.890 16.264 16.705 
Skilled 10.292 12.426 13.610 12.742 6.723 10.268 
Unskilled 9.323 12.394 12.236 10.148 9-541 6.437 
Elements: 
Tools .945 1.743 .367 .858 .221 .232 
Materials 4-537 6.089 4.721 3.988 5.919 2.428 
Supervise .290 .772 1.669 .410 .122 2.870 
Measure, Level, Plumb .614 1.188 .090 .007 .106 .219 
Mark & Saw .180 
Fit & Nail .848 .248 
Assist .107 .094 .032 
Error .040 
Idle Personal .257 .225 .731 .242 .399 .020 
Idle Avoidable .299 1.831 2.038 .9'n 
Idle Unavoidable 1.894 2.072 6.374 2.012 .018 1.366 
Temporary Construction 1.596 2.823 4.604 3.933 .975 1.598 
Remove Obstructions .237 .055 .184 .206 .309 
Pour & Finish Concrete .043 1.017 
Strip Forms .107 .176 .111 
Drill .021 
Lay Block & Brick 6.569 6.763 4.722 5.599 5.090 5.099 
Plaster & Tool Joint .161 .375 .314 .020 
Mix & Temper .977 .777 1.413 1.813 .518 1.841 
On Job .795 1.590 1.000 
otal Time 19.615 24.820 25.846 22.890 16.264 16.705 
Productive Time 8.833 9.205 7.452 7.700 6.928 9.220 
Preparation Time 8.292 11.487 11.289 10.898 7.942 6.099 
Non-productive Time 2.490 4.128 7.105 4.292 1.394 1.386 
Appendix No. 17 
NO. 17 PORCH 
~ouse F-1 F-2 F-3 M-1 l-1-2 M-3 
['otal Hours 46.883 58.102 55.495 38.282 27.487 30.224 
Skilled 22.678 41.882 39.326 20.917 14.145 19.031 
Unskilled 24.205 16.220 16.169 17.365 13.342 11.193 
~lements 
Tools- 1.820 2.967 3.569 1.420 1.057 1.322 
Materials .986 3.963 1.677 3.063 .284 .559 
Supervise 2.000 1.718 3.672 .696 .379 .536 
Measure,Leve1, Plumb 1.557 1.410 1.412 1.002 .933 .090 
r1e.rk & Saw 3.310 1.348 5.060 .753 .418 .816 
Fit & Hail 3.804 3.470 12.325 . 2.516 1.046 1.848 
Assist • 486. .792 1.063 .712 .164 .141 
Error .163 .163 1.813 
Idle Personal .466 1.765 1.255 .637 .670 .130 
Idle Avoidable .219 2.444 .382 .119 .320 .249 
Idle Unavoidable 3.530 4.767 1.840 5.632 .844 1.203 
Temporary Construction .716 3.348 .580 3.505 .623 .810 
Digging & Filling 9.926 1.762 8.851 3.371 2.4Lt2 1.396 
Remove Obstructions 1.587 2.563 .823 1.229 .578 .060 
Pour & Fjnish Concrete 4.279 5.639 .983 4.721 2.175 1.208 
Lay Tar Paper .741 
Drill ,022 .187 .020 
Lay Block & Brick .204 1.400 
MiX & Temper .241 .058 .4413 .065 
Sandpaper .034 .221 
On Job 12.000 19.720 g,995 7.038 15.489 19.635 
otal Time 46.n83 58.102 55.495 38.282 27.487 30.224 
Productive Time 37.396 .35.881 43.498 22.229 23.046 25.891 
Preparation Time 5.109 13.082 6.707 9.665 2.607 2.751 
lTon-producti ve Time 4.378 9.1.39 5.290 6.388 l.S34 1.582 
Appendix No. 18 
l 
NO. lB vJALLBOARD - Gypsum 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours .206.181 107.SZ5 128.804 82.0.02 87.525 65.773 
Skilled .. 
Unskilled 
- -
Elements 
Tools 7.753 3.697 5.229 2.189 1.322 2.331 
Haterials 20.167 14.268 .9.014 6.178 7.524 S.526 
Supervise 25.835 8.895 7.151 6.229 3.286 3.220 
Measure,Level, Plumb 14.555 7.521 9.921 5.774 5.118 5.663 
Hark & Saw 24.229 17.599 12.652 11.9S2 11.066 G.306 
Fit & Nail 70.979 33.061 ,36.237 26.450 2/....867 23,186 
Assist 7.795 4.898 10.428 5.049 7.183 3.100 
Error .977 .397 1.875 .375 ,3.839 .084 
Idle Personal 8.325 1.903 G.914 2.025 3.568 2.525 
I dle Avoidable 3.356 1.e52 6.871 2.639 5.056 2.064 
Idle Unavoidable 8.659 4.028 7,209 4.545 4.4134 2.652 
Temporary Construction 2.785 1.809 1,511 1.963 1.863 .920 
Remove Obstructions 10.344 4.221 7.EIJ7 3.1CO 8.332 3.053 
Drill .422 .176 .5Be .017 
On Job 3.500 3.597 3.424 .143 
Total Time 206.181 107.825 128.804 [!2.002 t17.525 65.773 
Productive Time 143.815 75.650 80.574 50.908 51.537 L:J.61S 
Preparation Time 41.049 23.995 23.361 13.510 19.041 14.830 
Non-productive Time 21.317 8.180 24.869 9.584 16.947 7.325 
Appendix No. 19 
NO. 19 CEILING INSUlATION 
House F-1 F-2 F•3 M-1 M-2 M-3 
Total Hours 4.350 9.397 5.439 6.613 5.640 3.339 
Skilled 2.271 5.895 3.811 3.370 3.106 3.169 
Unskilled 2.079 3.502 1.628 3.243 2.534 .170 
Elements: 
Tools .224 .110 .208 .014 .005 
Materials .943 .217 .345 .348 .129 1.143 
Supervise .151 .503 .445 .213 
Measure, level, Plumb .020 .230 • 
lla.rk and Saw 
-
.023 
Assist .080 .186 .)49 .275 
Idle Personal .111 .034 .085 1.585 
Idle Unavoidable .023 .262 .790 .163 .077 
Temporary Construction .464 .588 .197 
Remove Obstructions .074 .114 .045 
Install Insulation 3.022 7.203 2.613 5.439 3.912 1.816 
Total Time 4.350 9.397 5-439 6.613 5.640 3.339 
Productive Time 3.273 8.122 3.407 5.652 3.912 2.114 
Preparation Time .943 .979 1.157 .798 .143 1.148 
Non-productive Time .134 .296 .875 .163 1.585 .077 
Appendix No. 20 
l 
NO. 20 vlALLBOARD - · Taping 
House F-1 F-2 F-.3 M-1 M-2 M-3 
Total Hours 130.£)58 95.378 48.031 21.669 29.406 35.g17 
Sl:illed 109.077 82.902 47.201 17.732 20.800 31,817 
Unskilled 20.981 12.47~ .830 3.937 8.606 4,000 
Elements 
Tools 6.746 4.656 2.048 .753 1.572 .759 
Materials 6.435 3.103 1.514 .274 .823 .724 
Supervise 5.315 4.405 1.016 .114 .373 .158 
Measure,Leve1, Plt,mb • .392 .181 
Hark & Saw .572 .078 
Fit & !-Tail 2.217 ~369 .075 .023 ,010 
Assist .442 .698 .103 .391 
Error .118 .104 ... .250 .034 
Idle Personal 4.901 2.701 1.451 .53.3 .6.37 .563 
Idle Avoidable 6 • .301 .794 2.126 .343 .291 .533 
Icle Unavoidable 5.116 1.002 .266 .467 .700 .776 
Temporary Construction 2.541 1,104 .685 .288 .185 .295 
Remove Obstruction 3.540 6.720 1.184 .503 .193 .149 
Plaster & Tool Joint .009 1.549 
Mix & Temper 7.420 9.410 7.657 2.036 1.614 .8.36 
Set Glass 15.781 4.624 .517 
Apply Tape 37.650 39.652 24.193 13.606 13.963 5.089 
Sandpaper 21.C71 20.401 1.089 9.032 5.625 
On Job 2.700 2.102 18.200 
Total Time 130.058 95 • .378 48.031 21.669 29.406 35.817 
Productive Time 86.940 65.784 31.100 16.222 23.391 31.148 
Preparation Time 26.682 24.993 13.0SS 3.854 4.387 2.763 
Non-productive Time 16.436 4.601 3.843 1.593 1.628 1.906 
Appendix No, 21 
NO. 21 INTERIOR TRIM 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 185.150 126.094 105.632 107.323 113.878 90.425 
Skilled 173.308 112.899 96.217 96.583 96.445 89.400 
Unskilled 11.842 13.195 9.415 10.740 17.433 1.025 
Elements: 
Tools 8.109 4.186 3.293 3.689 6.605 3.275 
Materials 8.815 4-476 6.774 3.696 4.690 4.595 
Supervise 12.025 6.285 5.321 3.308 5.244 5.011 
Measure, Level, Plumb 13.260 5.632 4.139 6.333 6.421 6.683 
Mark & Saw 33.787 27.837 17.927 23.218 19.330 15.034 
Fit & Nail 78.891 52.610 39.434 34.282 40.291 39.484 
Assist 6.762 3.914 1.292 1.416 .889 1.934 
Error .993 .963 .493 .246 .711 
Idle Personal 2.212 3.799 5.245 2.108 2.206 4.)62 
Idle Avoidable 1.355 1.849 7.099 1.729 1.330 2.683 
Idle Unavoidable 6.037 2.043 1.769 3.075 4.683 2.564 
Temporary Construction .659 1.062 .303 1.293 .085 .026 
Remove Obstructions 10.042 10.978 5.257 4.476 13.878 2.713 
Drill 1.007 .007 .068 .013 .010 .023 
Mix & Temper .045 .134 
Set Glass .153 .037 .155 .451 
Sandpaper 1.151 2.284 .244 .987 .107 
On Job .300 5.390 17.950 6.828 .635 
' otal Time 185.150 126.094 105.632 107.323 113.878 90.425 
Productive Time 146.883 96.738 75.892 86.764 80.155 69.496 
Preparation Time 27.670 15.266 15.051 11.871 18.873 10.037 
Non-productive Time 10.597 14.090 14.689 8.688 14.850 10.892 
Appendix No. 22 
l 
NO. 22 INTERIQR - Doors 
Ho11se F-1 F-2 F-3 M-1 M-2 M-3 
Total Honrs 86.123 91.158 41.218 50.253 00.376 45.593 
Skilled 84.176 ti3.175 41.218 46.765 69.994 45.593 
Unskilled 1.947 7.983 3.488 1o.3n2 
Elements 
Tools 4.719 4.258 1.184 3.01.,0 3.463 2.46'5 
Uaterials 3.167 3.713 1.415 1.139 3.350 2.605 
r" 
Supervise 4.975 4.360 1.352 4.481 5.467 1.414 
ilea sure, Level, Plumb 4.994 .3.853 2.002 .3.909 r-, ,059 2.G66 
~k & Saw 6~207 9~]40 2.409 3.904 6.052 3.993 
,, Fit & Nail 40.836 50.782 18.276 24.371 .35. 575 24.480 
Assist .973 .754 .442 .609 1.664 .210 
Error .531 .113 .280 1.471 .236 
Idle Personal .560 2.356 1.081 1.958 1.774 1.78S 
Idle Avoidable .C70 .459 .837 .9S4 2.695 2.13.3 
Idle Unavoidable 2.158 1.7l2 .061 .98.3 1.262 .807 
Temporary Construction 1.698 .107 .1.35 .423 .621 .109 
Staking .047 
Remove Obstructions 1.483 5.406 1.064 3.542 3.319 1.650 
Drill .S67 1.158 .019 .312 1.062 .019 
SandpaJEr .606 3.828 .145 .189 
On Job 11.479 3.100 7.000 .318 6 • .350 .629 
'otal Time 86~123 91.15S 41.21a 50.253 86.376 45.593 
Productive Time 70.917 73.147 35.328 .37.S'04 62.421 33.800 
Preparation Time 11.067 13.484 3.798 8.W:- 10.75.3 6.829 
Non-productive Time 4.119 4.527 2.092 4.205 7.202 4.964 
Appendix No. 23 
l 
NO. 23 HARDWARE 
House F-1 F-2 F-.3 M-1 M-2 H-.3 
Total Hours 5.378 3.179 21,362 18.992 24.403 19.705 
Sl:illed 4. '358 3.179 21.362 18.301 24.103 19.705 
Unsldlled 1,020 .691 .300 
Elements 
Tools .015 .114 2,595 .579 .850 .572 
Materials .234 ,670 1.005 .903 ' .514 
Supervise ,097 .047 .237 .408 .615 1.338 
Neasure, Level1 Plumb .154 .162 .745 ~.157 1.615 .469 
Hark & Saw .346 1.452 .258 1,082 ;.. 
Fit & Nail .ces 1.058 12.462 ll.7S9 14.628 10.511 
Assist .... .. .179 .508 ,046 
Error .017 .. .419 ,0.35 1.150 
Idle Personal .127 ,198 1,097 ~781 1.1.39 .337 
Idle Avoidable ,057 .711 .365 .100 .148 
Idle Unavoidable ,012 .172 .102 .302 .197 
Temporary Construction .075 ,017 .069 
Remove Obstructions 1.031 .835 .641 
Drill .746 1.098 .B65 1.093 
Sandpaper .134 
On Job 2.400 1.~o .400 1.051 3.196 
Total Time 5.378 3.179 21.362 1C.992 24~403 19.705 
Proc1ucti ve Time 3.8C5 2.867 16,042 14.889 20.364 16. 7PJ7 
Preparation Time 1.280 ~114 3.340 2.436 2.463 1.086 
Non-productive Time ,213 .198 1,9SO 1,667 1.576 1.832 
Appendix No • 24 
1.IO • 24 HARDVJOOD FLOORING 
F-1 F-2 F-3 M-1 H-2 M-3 
61.957 56.403 47.382 57.044 63.977 45.419 
(:fJ.l48 47.990 43.tfJ7 42.869 52.498 35.939 
1.809 8.413 3.775 14.175 11.479 9.480 
nts 
Tools 1.806 1.425 .508 1.116 1.309 .889 
Materials 3.145 4.401 2.349 3.122 3.104 1.567 
Supervise 3.157 2.706 3.205 1.303 3.085 1.143 
Neasure, Level, E1umb 2.363 .632 1.207 1.287 1.007 1.373 
M2.rk & Saw 5.457 2.719 4.391 4,541 5.491 3.077 
Fit & Nail 35.076 22.041 19.797 23.755 31.763 21.383 
Assist .311 1.433 1.302 2.353 .707 3.279 
Error .696 .166 .643 
Idle Personal 1.994 1.801 2.778 1.457 1.310 1.692 
Idle Avoidable 1.172 .491 .604 1.084 .992 1.980 
Idle Unavoidable 1.655 2.194 1.35? 1.309 .060 1.824 
Tewporary Construction .115 1.995 .428 .205 .710 1.521 
Remove Obstructions 4.119 3.638 7.944 10.296 12.979 4. 542 
Lay Tar Paper .841 .057 .956 1.091 1.402 1.109 
Drill .746 .424 .390 .801 .058 .009 
Mix & Temper .090 
Sandpaper . • 160 .0.31 
On Job 9.690 1.931 
Time 61.957 56.403 47.382 57.044 63.977 45.419 
Productive Time 47.951 39.762 31.248 37.222 L'r3.5l3 31.404 
Preparation Time 9.185 11,1}59 11.229 14.829 18.102 8.519 
Non-productive Time 4.821 5.182 4 .• 905 L}-,993 2.362 5.496 
Appendix No. 25 
NO. 25 LINOlEUM AND PLYWOOD 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 20.484 11.772 8.945 16.356 - 18.783 19.437 
Skilled 16.830 8.788 8.945 16.356 12.443 17.907 
Unskilled 3.654 2.984 6o340 1.530 
Elements: 
Tools .963 .493 1.177 .594 1.023 .111 
Materials 1.059 .984 .148 1.092 .810 .328 
Supervise 1.610 .99.3 .625 .233 .672 3.909 
Measure, Level, Plumb 1.289 1.151 1.254 1,502 1.798 1.862 
Mark & Saw 4.085 2.174 .830 1.189 1.6o5 .836 
Fit & Nail 3.930 1.759 1.133 1.685 1.374 2.012 
Assist 1.042 .982 .425 .765 .411 .738 
Error .028 1.725 
Idle Personal .683 .261 .064 .416 .117 .026 
Idle Avoidable .225 .040 .065 .092 
Idle Unavoidable 1.747 .581 .269 .389 .291 .813 
Temporary Construction .060 .119 .035 .066 
Re~ove Obstructions 1.421 .878 .162 1.312 2.540 1.344 
Paint 2.075 
Lay Tar Paper .644 .328 .317 .280 
Drill .012 .035 .158 .136 
-
Plaster & Tool Joint • 650 . 
llix & Temper .042 
Set Glass .241 
On Job .2.700 6.615 6.100 7.020 
otal Time 20.484 11.772 8.945 16.356 18.783 19.437 
Productive Time 14.284 8.388 7.125 12.453 12.277 16.657 
Preparation Time 3.545 2.474 1.487 3.033 4.373 1.849 
Non-productive Time 2.655 .910 .333 .870 2.133 .931 
Appendix No. 26 
NO . 26 PLill:IBIHG EXTERIOR 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 21.743 lL:-.323 38.908 26.540 18.010 51.494 
Skilled · 3.014 .530 1.440 8.430 
Unskilled 1C.729 14.323 38.378 26.540 16.570 43.064 
Elements 
Tools 2.783 -- 362 .128 .117 .139 .133 
lv1.'1 terials .053 .195 .761 .270 
Supervise 1.1;.28 .009 .059 .197 .048 
Heasure,Leve1, Plu.mb .387 .112 .540 
Hark & Saw .018 
Assist .296 .310 
-
.366 .124 .097 
Idle Personal .264 1.034 2.606 ~ .286 
Idle Avoidable .267 .070 .413 2.5C9 .362 .153 
Idle Unavoidable 2.19S .528 .367 3.898 1.758 .337 
Temporaxy Construction .092 .145 
Digging e.: Filling 11.770 11.703 33.235 18.809 6.935 10.010 
Remove Obstructions .042 
Drill .014 
Cut Pipe or Conduit .024 
Hake Connections .137 
Fit 2: Secure Conduit or .967 
-Pipe 
Plumbine Fittings 1.003 1.000 
.On Job 2.100 ·7.080 39.890 
Total Tilue 21.743 1L~o.323 3'"\ .908 26.540 18~010 51.494 
Productive Ti111e 16.041-:- 12.134 35.394 19.175 15.336 50.585 
Preya.ra tion 1'ime 2.970 .557 .128 .878 .55t,. .13:3 
Eon-productive Time 2.729 1.632 3.3C6 6.487 2.120 .776 
Appendix No • 27 
NO. 27 INTERIOR PLUMBIOO 
House F-1 F-2 F-3 M-1 M-2 M-.3 
Total Hours 80 • .300 49.766 59.556 33.817 68.900 .38.738 
Skilled 55 ·. 781 46.818 43.094 27.713 61.451 27.409 
Unskilled 24.519 2.948 16.462 6.104 7.449 11.329 
Elements: 
Tools 3.607 
Me.teria1s 8.380 
Supervise 5.328 
Ieasure, Level, Plumb 1.519 
Mark & Saw .915 
Fit & Nail .518 
Assist 1.022 
Error .259 
Idle Personal 1.232 
Idle Avoidable 1.688 
Idle Unavoidable 5.585 
Temporary Construction .024 
Digging & Filling 6.630 
Remove Obstructions .o66 
Drill .634 
Cut Pipe or Conduit 3.516 
Cut for Conduit or Pipe 
Installation .148 
Fit & Secure Conduit or 
Pipe 1.914 
Plumbing Fittings 18.722 
On Job 18.593 
total Time 80.300 49.766 59.556 33.817 68.900 38.738 
Productive Time 59.459 
Preparation Time 12.077 
Non-productive Time 8.764 · :. 
Appendix No. 28 
NO. 28 SANITARY DRAINS AND SUNP 
House F-1 F-2 F-3 H-1 M-2 H-3 
Total Hours 25.522 26.079 29.841 28.S94 34.4.01 36.032 
Skilled 3.858 11,268 2.908 .180 6.926 
Unskilled 21.664 14.811 26.933 28.714 27.475 36.032 
Elements 
Tools 2.899 .784 1.483 1.537 1.037 2.112 
Haterials 1.142 2.725 L: .• 303 1.711 1.664 2.102 
Supervise .537 2.025 .115 .756 .813 .109 
Heasure ,Level, Plumb .558 .082 .044 .066 .228 .079 
Nark &.. Saw .176 .ooc .673 
Fit & Nail .413 .22.3 .024 .041 1.520 
Assist .013 
Error .166 
Idle Personal .640 .5SO .511 .419 2,019 .449 
Idle A voidable 3.618 2.867 1.251 3.957 2.~e1 1.099 
Idle Unavoidable .476 .203 .469 1.211 .652 .528 
Digging & Filling 1().031 6.919 :14.601 13.770 15.444 23.452 
Staking .078 
Remove Obstructions .052 .120 .008 .102 1.604 
Tiling 5.156 6.289 4.438 4.403 5.577 2.402 
Spread Gravel ,005 .28C 
Drill .053 
Mix e~ Temper .612 .236 
On Job 3".073 2.350 3.700 
Time 25.522 26.079 29.841 28.894 34.401 36.032 
Proc.ucti ve Time 16.695 18.792 21.650 19.3L~o5 24.308 29.742 
Preparation Ti..rne 4.093 3.637 5.794 3.962 4.541 4.214 
l!on-yrodti.cti ve Time 4.734 3.650 2.397 5. 5r'-7 5.552 2.076 
Appendix No. 29 
NO. 29 BASEMENT FLOOR, SILlS, GRAVEL 
House F-1 F-2 F-3 11-1 M-2 M-3 
Total Hours 54.687 43.739 88.429 50.808 82.068 88.180 
Skilled 18.436 16.592 26.707 24.116 28.187 31.221 
Unskilled 36.251 27.147 61.722 26.692 53.881 56.959 
Elements: 
Tools 1.680 1.732 .768 4.468 2.230 1.337 
Materials 7.515 1.552 3.411 1.222 10.083 .849 
Supervise 
-498 2.603 .325 1.273 3.186 .164 
Measure, Level, Plumb .990 1.736 .132 .711 .821 
Mark & Saw .291 .048 
Fit & Nail .875 .261 .050 .172 .462 
Assist .498 .044 1.091 . . 585 .203 .934 
Idle Personal .717 1.846 2.453 2.686 3.933 
Idle Avoidable .702 .545 1.989 .864 1.972 
Idle Unavoidable 15.462 7.665 6.146 5.377 14.907 3.645 
Temporary Construction 2.083 5.621 10.496 7.337 5.218 1.831 
Digging & Filling 2.8S7 3.559 4.895 8.257 5.903 
Staking .066 .027 .541 
Machinery .539 
Remove Obstructions .552 .085 6.182 -431 2.039 
-Pour & Finish Concrete 12.247 13.184 1.428 10.170 17.655 .630 
Strip Forma .269 
Spread Gravel 6.4/:2 2.016 3.534 2.925 2.306 
Miscellaneous .395 
Plaster & Tool Joint .. 6.265 
Mix & Temper .787 .317 • 264 .330 .178 1.101 
Caulk .495 
On Job .973 44-430 4.000 4.118 77.194 
l!otal Time 54.687 43.739 88.429 50.808 82.068 88.180 
Productive Time 24.522 24.376 56.720 28.093 41.686 80.518 
Preparation Time 12.617 9.307 21.121 13.788 19.570 4.017 
Non-productive Time 17.548 10.056 10.588 8.927 20.812 3.645 
Appendix No. 30 
l 
NO. 30 INSTALL ELEC'ffiiCITY 
House F-1 F-2 F-.3 M.;.l M-2 H-3 
Total Hours 40 • .310 413.315 57.804 52~780 68.980 96.591 
Skilled 33.902 4D.315 57.179 40.277 58.518 C9.158 
Unskilled 6.408 .625 12.503 10.462 7.433 
Elements 
Tools 1.048 2.456 2.144 1.704 1.892 .715 
Naterials 3.504 6.348 2. 7?1J 3.113 3.468 .676 
Supervise 2.688 3.403 2.BJD 3.310 4.060 .787 
Heasure,Leve1, Plumb .129 .73C .~.52 .973 .62S .057 
Mark~ Saw .023 .367 .127 .364 .009 
Fit & Nail .176 2.025 . • 332 1.157 .547 
Assist 2.632 1.550 .678 2.l47 1: .• 138 
Error • 079 .230 .167 .045 .035 . 
Idle Personal 1.300 .390 ~380 2.011 :}..581 .910 
Idle Avoidable .757 ~320 .323 .335 3.447 
Idle Unavoidable 1.995 3~311 1.366 2.730 c.o89 .117 
Temporary Construction .074 .032 .108 .016 .570 
Digging & Filling .9L'r2 .1ns 
Staking .362 
Remove Obstructions .083 .061 .210 ~131 .420 
!Iiscellaneous .330 
Electrical Wiring 9.510 4.934 4.904 8.854 10~697 
Drill .294 2.473 1.147 1.335 ~445 
Set Ties or Clips .275 
-
.216 
Cut Pipe or Conduit .541 .797 1.366 1.393 .374 
IYiake Connections .863 .100 .556 .267 
Cut for Conduit or Pipe .053 1.117 .644 1.337 .180 
Installation 
Fit & Secure Conduit or .294 .918 1.316 1.783 1.641 .638 
Pipe 
Cut for Receptacle .063 .129 1.506 .600 
Install Outlet 3.394 3.440 4.740 3.987 8.34"5 2.724 
Plumbing Fittings .095 
Apply Tape .161 
On Job 9.942 13.294 33.230 14.542 16.119 C7.657 
otal Time 40.310 48.315 57 .r:o4 52.780 68~900 96~591 
Productive Time 31.54L'r 35.125 50.662 42.544 50.321 93~1S3 
Preparation Time 4.635 8.939 4.906 5.135 5.507 2.381 
Non-productive Time 4.131 4.251 2.236 5.101 13.152 1.027 
Appendix No. 31 
No·. 31 INSTALL TEMPORARY PCMER 
House F-1 F-2 F-3 H-1 M-2 M-3 
Total Hours 5.949 No Study No Study .254 1,654 .822 
Skilled 5.127 .950 .822 
Unskilled .822 .254 .704 
Elements 
Tools .452 .121 .192 
Haterials .547 .012 
Supervise .160 
Mea.sure,Level, Plumb • .030 
Markr & Saw 
.039 
Fit & Na.il .112 
Assist .053 
Error 1.767 .056 
Idle Pel!sona1 .125 
Idle Unavoidable .158 .025 .170 
Temporary Construction .254 
Digging & Filling .172 .449 .282 
Staking .586 
Electrical \-Tiring 1.801 .950 
Cut for Conduit or Pipe .166 
Installation 
!otal Time 5.949 No Study No Study .254 1.654 .822 
Productive Time 2.900 1.452 .448 
Preparation Time .999 .254 .121 .204 
Non-productive Time 2.050 .081 .170 
Appendix NQ, 32 
NO. 32 HK~TING SYSTEM 
House F-1 F-2 F-3 H-1 M-2 H-3 
Total Hours 42.872 40.087 56.EIJ7 44.369 36.145 55.960 
Skilled 36.710 37.443 44.379 33.759 31.675 44.042 
Unskilled 6.162 2.644 12.228 10.610 4.470 11.91S 
Elements 
Tools 2.064 1.442 .489 .4f:I:J .843 .515 
Materials 6.063 2.313 .319 1.125 1.744 .767 
Su~rvise · 5.159 .724 .877 2.139 1.082 .795 
lfeasure, Level, Plumb 3.766 1.336 .922 1.660 1.805 .742 
Mark & Saw 3.777 1.485 2.024 .195 2.040 2.777 
Fit & Nail 5.542 2.262 2.515 3.976 .823 3.040 
Assist 1.067 1.336 .108 1.119 1.370 .143 
Error .455 .26o .023 3.372 3.459 
Idle Personal .177 .335 .159 .1.37 .414 .515 
Idle Avoidable .250 .639 .184 .565 .19) .300 
Idle Unavoidable 1.093 .648 1.132 1.059 .559 .436 
Temporary Construction .020 .195 .650 .102 
Remove Obstructions 2.009 1.107 1.254 1.664 1.085 .014 
Hiscellaneous 1.958 .764 
Electrical vJiring 2 • .383 
Drill .691 .129 .219 .899 .426 .510 
lvlix & Temper .190 
Set Ties or Clips .064 .459 .. 180 .6l.3 
Cut Pipe or Conduit 1.926 1.734 .895 2.672 
Hake Connections .254 l.S92 
Cut for Conduit or Pipe .78.3 .237 .283 
Installation 
Fit & Secure Conduit or 2.127 .319 . 940 2.699 2.801 
Pipe 
Install Outlet 1.442 
Plumbing Fittings 5.396 1.624 
Apply Tape 1.760 2.500 
On Job .189 17.363 L:D.967 19.316 15.175 41.947 
Total Time 42.872 LIJ.OS7 56.607 44.369 36.145 55.960 
Productive Time .30.741 32.958 52.406 35.885 31.307 49.954 
Preparation Time ) 10.156 5.247 2.703 3.351 3.672 1.296 
Non-IToductive Time 1.975 1. ~82 1.498 5.133 1.166 4.710 
Appendix No. 33 
NO. 33 PAINT - EXTERIOR 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 52.593 35.121 44.459 16.638 27.830 27.146 
Skilled 41.939 32.223 38.021 16.638 27.830 23.146 
Unskilled 10.654 2.898 6.438 4.000 
Elements 
Tools 1.111 1.423 .586 .144 .236 .456 
Y.1a terials 5.076 2.486 1,027 .674 .403 ~345 
Supervise .099 .060 .709 .132 
Fit & Nail .088 
Assist .018 .025 1.320 
Error .090 
Idle Personal 1,219 • .364 .345 .175 1.336 
Idle Avoidable .970 .308 .254 ,069 1,210 
Idle Unavoidable 4.919 .200 .452 .976 
Tenporary Construction .121 ,128 .41.:2 .121 .07.3 
Remove Obstructions .362 .104 .028 .220 .534 
Pour & Finish Concrete .066 
Paint 25.410 25.386 12,198 5.BC3 7.742 11.133 
Mix & Temper .396 .067 1.180 
Sandpaper .215 
On Job 13.198 4.153 27.031 9.433 19.153 9.705 
Total Time 52.593 35.121 44.459 16.638 27.830 27.146 
?roducti ve Time 38.725 29.712 41.258 15.531 26.895 21,036 
Preparation Time 6.670 4.537 2.150 1.038 .760 2.588 
Non-productive Time 7.1913 .f-72 1.051 .069 .175 3.522 
Appendix No. 34 
l 
NO. 34 PAINT INTERIOR 
House F-1 F-2 F-J M-1 M-2 M-~ 
Total Hours 126.363 142.901 152.314 146.182 176.455 170.930 
Skilled 126.243 138.673 151.764 145.178 175.621 170.930 
Unskilled .120 4.228 .550 1.004 .834 
Elements: 
Tools 5.807 3.024 .716 2.248 4.579 5.080 
Materials 3.376 4.108 1.726 3.188 4.057 2.348 
Supervise 1.806 1.666 .825 1.290 1.058 .611 
Fit & Nail 1.255 
Assist .236 .285 
Error .094 .739 
Idle Personal 3.678 7.057 1.224 7.291 6.567 4.899 
Idle Avoidable 1.976 4.100 5.088 
-932 1.760 2.621 
Idle Unavoidable 7.699 2.745 .182 5.926 2.055 2.4'39 
Temporary Construction 1.000 2.042 1.589 2.723 .621 
Remove Obstructions 1.740 4.299 .110 1.945 3.615 2.675 
Miscellaneous 1.045 
Paint 65.092 61.646 9.044 34.877 66.590 47.846 
Lay Block & Brick .761 
Mix & Temper 3.833 6.654 1.673 7.744 9.531 4.770 
Make Connections .879 
Set Glass 2.106 7.871 3.980 .732 3.049 
Sandpaper 4.709 1.809 1.743 3.195 5.043 2.874 
On Job 22.166 31.961 126.003 75.225 65.828 94.146 
Total Time 126.363 142.901 152.314 146.182 176.455 170.930 
Productive Time 97.160 108.133 141.595 115.319 141.568 145.477 
Preparation Time 15.756 20.127 4.225 16.714 24.505 15.494 
Non-productive Time 13.447 14.641 6.494 14.149 10.382 9.959 
Appendix No. 35 
House 
Total Hours 
Skilled 
Unskilled 
Elements 
Tools 
Materials 
Supervise 
14easure ,Level, Plumb 
Mark & Saw 
Fit & Nail 
Assist 
Error 
Idle Personal 
Idle Avoidable 
Idle Unavoidable 
Temporary Construction 
Remove Obstructions 
Pour & Finish Concrete 
Drill 
Sandp1per 
On Job 
Total Time. 
l 
Productive Time · 
Prepanation Time 
Non-productive Time 
F-1 
26.159 
25.648 
.511 
1.040 
.836 
10,004 
1.740 
2.633 
4.434 
1.779 
.911 
.422 
.555 
1.301 
.449 
.035 
.020 
26.159 
20.645 
3.626 
1.888 
NO. 35 STAIRWAY 
F-2 
20.374 
15.741 
4.633 
c 
1.637 
1.418 
1.880 
1.900 
1.443 
3.159 
1.007 
ln960 
.323 
.256 
1.985 
.064 
1.004 
1.066 
.101 
1.171 
20.374 
11.727 
4.123 
4.524 
F-3 
13.8g'? 
13.887 
.461 
.421 
2.088 
2.244 
1.014 
3.758 
2.507 
.223 
.095 
.4S7 
.297 
.292 
13.887 
11.903 
1.179 
.805 
H-1 
17.655 
13.231 
4.424 
.750 
.655 
1.853 
.5C3 
l.ll8 
2.706 
~794 
2.745 
.271 
.388 
1.129 
.577 
1.693 
1.412 
.011 
.970 
17.655 
9.447 
3.675 
4.533 
H-2 
12.249 
8.870 
3.379 
.423 
1.546 
.790 
1.214 
~.165 
2.771 
.799 
.127 
.193 
. • 358 
.580 
.005 
1.048 
.099 
.131 
12.249 
7.969 
3.022 
1.258 
H-3 
15.640 
11.332 
4.308 
.395 
.958 
1.374 
2.857 
1.369 
3.0[35 
1.279 
.084 
.280 
.156 
.236 
.025 
3.542 
15.640 
13.506 
1.378 
.756 
Appendix No. 36 
NO. 36 CABI1"'ETS AND SHELVING 
House F-1 F-2 F-3 M-1 1-1-2 M-3 
Total Hours 37.290 17.896 30.776 47.264 47.975 31.865 
Skilled 37.290 16.816 30.626 40.220 44.e12 31 • .715 
Unskilled 1.080 .150 7.044 3.763 .150 
Elements 
Tools 1.396 1.078 1.568 2,022 2.011 1,424 
Haterials 1.966 1.248 1.996 1.411 2.044 1,457 
Supervise 5 .3E~9 1.1.;27 1.811 4.326 3.695 2.483 
Heasure,Leve1, Plumb 3.349 1.894 1.841 2.503 1.963 3.106 
l.fu.rk & Saw 4.752 3.388 3.885 5.691 4.688 3.924 
Fit & Nail 16.493 4.996 7.q45 10.982 12.340 8.896 
Assist .910 .642 .858 1.812 ,863 .611 
~· Error .044 .033 .934 .032 .033 
Idle Personal .815 .202 .750 1.223 1~691 1.581 
[:: Idle Avoidable .2G9 1.740 1.126 .971 .292 
Idle Unavoidable .230 .531 .$19 .739 .554 .393 
Temporary Construction ,263 .0.37 .118 .118 .118 .249 
Remove Obstructions .C49 1.696 .661 4.383 3.125 .477 
Paint .033 
Lay Tar Paper .025 .889 
Drill .514 .143 .284 .367 
Mix & Temper .178 .095 .096 .095 
Caulk .051 
Set Glass .028 .028 ,028 .028 
Plmnbing Fittings .782 
Apply Tape ,008 .008 .008 .009 
Sandpaper · .043 .856 .359 2.697 .834 
On Job .032 .570 5.605 7.800 10.767 5.606 
Total Time 37.290 17.896 30.776 47.264 47.975 31.865 
Productive Time 31.4B2 13.060 22.913 35.213 37.333 25.864 
Preparation Time 4.474 4.059 4.521 8.029 7.394 3.702 
l~on-producti ve Time 1.334 .777 3.342 4.022 3.248 . 2.299 
Appendix No. 37 
L 
NO. 37 PLASTER 
' 
House 11-1 M-2 1'1-3 
Total Hours 76.934 71.307 60.584 
Sl:illed 43.297 37.073 35.078 
Unskilled 33.637 34.234 25.506 
Elements 
Tools 2.238 2.670 .917 
Naterials .372 5.023 .953 
Supervise 754 .442 .499 
lleasure,Level, Plumb .828 
1-'Iark & Saw 1.767 
Fit & Nail 1.565 .060 11.786 
Assist .182 .246 
Idle Personal 1.428 1.648 .470 
Idle Avoidable .050 .488 .144 
Idle Unavoidable 1.156 ll-.323 1.165 
Temporary Construction .228 1.435 .310 
Remove Obstructions 5.259 9.214 .042 
Paint 13.050 2.136 .978 
Plaster & Tool Joint 13 .. 028 23.405 
Nix & Temper 3.:142 5.603 .016 
Set Glass .060 
Sandpaper .340 
On Job 34.142 14.800 40.463 
Total Time 76.934 71.3Q7 60.584 
Productive Time 63.091 40.903 56.567 
Preparation Time 11.219 23.945 2.238 
Non-productive Time 2.624 6.11-59 1.779 
Appendix No. 38 
NO. 38 UNCLASSIFIED 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 23.837 32.462 44.714 12.037 34.065 40.930 
Skilled 13.792 25.680 20.764 7.472 29.101 21.473 
Unskilled 10.045 6.782 23.950 4.565 4.964 19.457 
Elements: 
Tools .503 .149 .752 1.703 
Materials 2.325 .899 .156 3.114 .297 .085 
Supervise 1.562 .017 .150 .036 1.387 .393 
Measure, Level, Plumb .542 .369 .183 .526 .605 
Mark & Saw .227 .061 .829 1.199 .683 
Fit & Nail 3.196 .236 4.804 .423 
Assist .015 .299 
Error .246 .063 
Idle Personal .520 .065 .146 .220 .344 
Idle Avoidable .167 .274 .072 .026 
Idle Unavoidable 2.670 .598 .396 .063 
Temporary Construction .277 .342 .113 1.456 
Remove Obstructions 3.996 2.685 1.979 1.663 
Miscellaneous .122 
Lay Tar . Paper .014 
Drill .024 .042 
Lay Block & Brick 1.413 
Mix & Temper 
-
.130 
Set Glass .132 
Sandpaper 1.061 
On Job 7.814 26.267 43.334 7.583 20.210 "33. 793 
Total Time 23.837 32.462 44.714 12.037 34.065 40.930 
Productive Time 13.359 28.066 43.934 8.631 31.446 35.897 
Preparation Time 7.101 3.733 .360 3.114 1.607 4.907 
Non-productive Time 3.377 .663 .420 .292 1.012 .126 
Appendix No. 39 
House 
Total Hours 
Skilled 
Unskilled 
rTO. 39 LANDSCAPING 
F-1 
5.401 
5.401 
F-2 
10.564 
10.564 
-
14.907 
14.007 
.900 
M-1 
14.166 
14.166 
M-2 
10.111 
6.711 
3,400 
11-3 
15.937 
15.937 
Appendix No. 40 
CARPENTim 
Hours Per Elements Per Craft 
House F-1 F-2 F-3 M-1 M-2 M-3 
-
Total Hours 1591.162 l281.9Lr3 1239.855 977.596 970~800 932.137 
Skilled 1345.832 971.502 1098.615 825.526 776.810 800.079 
Unskilled 245.330 310.441 141.240 152.070 193.990 132.058 
Elements 
Tools 69.775 52.068 51.1.:.67 38.276 36.157 30.772 
:tlla ter ia1s 98.223 S6.682 102.352 75.794 77.S72 G5.403 
Supervise 127.004 77.007 S6.229 74.141 58.451 67.364 
Measure,Leve1, Plumb 108.210 77.610 91.987 69.172 62.937 65.G97 
Hark & Saw 171.185 135~917 120,652 107.927 98.761 90.718 
Fit & Nail 507.359 390.098 355.837 288.226 289.596 296.586 
Assist 42.989 47.809 64.656 43.649 40.134 50.175 
Error 37.280 12.JC5 14.032 14.331 14.853 14.308 
Idle Personal 46.817 48.893 40~966 26,168 26.6$2 27.536 
Idle Avoidable 84.803 51.092 33.478 26.243 22.394 26.155 
Idle Unavoidable 75.567 81.547 54.449 50.310 40.339 38.548 
Temporary Construction 38.117 34.900 29.843 29.159 24.463 19.637 
Digging & Filling 6.249 9.883 12.513 10.415 8.606 11.329 
Staking 2.494 5 .8.3/~ 3.560 2.303 2.404 1.332 
Remove Obstructions 46.650 52.294 .39.021 36.g92 62.102 40.228 
Pour 8.: Finish Concrete 1.066 1.412 .099 
Strip Forrls 2.4n2 .289 .078 2.352 .492 .148 
Paint 3.704 3.626 4.629 6.522 5.361 7.364 
Lay Tar Paper 1.415 1.1.34 11.194 11.936 13.963 6.445 
Drill 6.778 .3.884 . 3.302 3.778 17.743 3.154 
r-Iix & Temper 7.465 9.410 9.368 .185 .096 .229 
Caulk 1.657 .908 .478 .035 .165 
Hake Connections .090 
Install Outlet .320 
Set Glass .153 8.295 1.160 1.384 .047 
Plumbing· Fittings .248 
Install Insulation 3.022 7.203 2.613 5.439 4.559 1.816 
Apply Tape 54.4.31 39.652 28.900 .009 
Sandpaper 23.691 20.520 19.907 .763 4.070 1.563 
On Job 23.475 30.081 50.049 50.670 57.117 45.374 
Total Ti me 1591.162 1281.943 1239.855 977.596 970.800 932.137 
Productive Time 1086.465 852.672 864.S79 680.738 665.842 649.321 
Preparation Time 260.230 235.354 232.051 179.806 200.690 176.269 
Non-productive Time 244.467 193.917 142.925 117.052 104.268 106.547 
A ppendi;x: No. 41 
BRICK LAYERS 
Hours Per Element Per Craft 
ouse F-1 F-2 F-3 M-1 H-2 H-3 
otal Hours 120.767 86.826 77.399 .394.195 335.775 .388.277 
Skilled 67.625 44.480 36.660 209.918 191.084 201.912 
Unskilled 5.3.142 42 • .346 40.7.39 184.277 144.691 186.365 
lements 
Tools 2.778 7.221 1.969 " 20.86.3 18.797 9.702 
Materials 23.845 18.579 19.297 89.730 78.014 74.408 
Supervise 4.930 1.728 5.158 14.285 9.019 24.458 
Heasure,Level, Plumb 4.614 4.037 2 • .3.34 20.91S 14.941 14.919 
Mark & Saw .180 .087 2.230 .221 3.98.3 
Fit &.Nail 2.656 .825 .082 8.582 2.970 13.97.3 
Assist .383 3.715 .56.3 5.051 
Error .040 .736 .807 .539 .371 
Idle Personal 1.240 3.271 .834 11.307 14.746 5.386 
Idle Avoidable 9.359 4.647 1.154 21.878 8.343 5.2S2 
Idle Unavoidable 8.207 5.973 9.502 35.198 13.418 17.952 
Temporary Construction 10.287 5.751 5.304 17.157 11.175 12.670 
Digging & Filling .243 1.105 1.072 .234 
Remove Obstructions 1.281 2.109 4.69.3 5.204 4.319 9.101 
Pour & Finish Concrete .215 1.263 
Lay Tar Paper 1.989 1.121 .516 
Drill .021 .829 .3.39 .417 
Lay Block & Brick 30.246 20.642 17.028 86.567 99.862 100.808 
Plaster & Tool Joint 3.S37 5.237 1.096 23.491 21.076 10.059 
Mix & Temper 4.055 5.154 8.383 24.398 25.994 23.912 
Caulk .029 .707 
Set Ties or Clips • .350 .565 3.169 1.216 .996 
Plumbing Fittings .929 
On Job 12.000 8.J40 52.443 
otal Time 120.767 86.826 77.399 .394.195 335.775 388~277 
Productive Time 59.675 33.385 26.263 167.653 160.430 229.493 
Preparation Time 42.246 .38.814 .39.646 157.352 138.299 129.793 
Non-productive Time 18.846 14~627 11.490 69.190 37.046 28.991 
Appendix No. 42 
CENENT l!ORliERS 
Hours Per Element Per Graft 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total HouJ."S C8.105 82.682 119~295 98.214 109.220 120.171 
Skilled 24.649 35.227 36~264 49~076 36.643 43.153 
Unskilled 63.456 47.455 83.031 49.138 72.577 77 .OJE 
Elements 
Tools 2.747 4.214 5.180 5.666 2.[555 3.282 
Materials 7.917 4.984 3.996 6.514 10.511 1.340 
Supervise 1.687 3.C87 .663 1.767 4.053 ~643 
Hcnsure,Leve1, Plumb .990 1.811 .528 1.138 1.233 ~644 
HarkE!.: Saw .291 .040 .337 .079 .12.3 
Fit & Nail 1.020 .261 .060 1.424 .462 
Assist .61_..0 .093 1.158 1.241 .357 .934 
Error .393 
Idle Personal .821 3.989 3.253 3.122 4.022 .29e 
Idle A voidable 1.671 2.959 2.001 1.526 2.611 .133 
Idle Unavoidable 12.446 16.278 10.969 18.382 23.127 10.908 
Temporary Construction 4.201 7.380 10.97G 9.094 5.595 2.033 
Digging f.: Filling 12.570 5.321 11~842 11.385 8~668 1.724 
Staking .066 .206 .541. .964 
l'Iachinery ~539 
-Re~ove Obstructions 1~652 .549 6.466 1.371 2.346 · .o60 
Pour C:. Finish Concrete 25.762 22.659 4.996 22.394 24.831 4~440 
Strip Forms 
-
~269 
Spread Gravel 6.442 2.016 3.534 2.925 2.306 
11iscellaneous .395 
-Plaster & Tool Joint 6.265 
Mix &. Temper .787 .558 .322 .778 .243 1.101 
Caulk 
-
. • 495 
On Job 5.723 52.295 8.650 9.115 90.656 
Total Time 88jl05 82,682 119.295 98 214 109~220 120.171 
Productive Time 50,520 41.771 76,130 51!?72 57.910 100;62:3 
Preparation Time 16,667 17,68'5 ~6,942 22!912 21,550 7~816 
Non- productive Time 20~918 23,226 16~223 2~1530 29~760 11.732 
Append~4 No, 43 
PLASTERERS 
Hours Per Elenent Per Craft 
House F-1 F-2 F-J M-1 H-2 M-3 
Total Hou.rs 98.603 100.713 96.401 
Sl:illed 61.029 57.873 66~895 
Unskilled 37.574 42.840 29.506 
-
Elements 
Tools 2.991 1~.242 1.676 
Materials .646 5.S46. 1.677 
Supervise .S68 .Cl5 .657 
Me~ sure, Level, Plumb .G28 
Mark & Saw 1~767 
Fit & Nail 1~565 .083 11.796 
Assist .573 .246 
Error .250 .034 
Idle Personal 1.961 2.285 1.033 
Idle Avoidable .393 ~779 .677 
Idle Unavoidable 1.623 5.023 1.941 
Temporary Construction .516 1.620 .605 
Remove Obstructions 5.762 9~407 .191 
Paint 13.050 2.136 ~978 
Plaster & Tool Joint 13.037 23.405 1~549 
Mix & Temper 5.17S 7.217 .C52 
Set Glass 
-
.060 ~51? 
Apply Tape 13.606 13.963 .5.089 
Sandp1per .340 9.032 5.625 
On Job 36.244 14.800 58.663 
Total Time 9f3~603. 100.713 96.401 
Productive Time 79.313 64~294 87.715 
Preparation Time 15.073 28~332 5.001 
Non-productive Time 4.217 n.os7 3.6S5 
Appendix No. 44 
LINOLEUM !AYERS 
Hours Per Element Per Craft 
House F-1 F-2 F•3 M-1 M-2 l.f-3 
Total Hours 11.006 8.137 4~830 6.615 7~825 7~020 
Sl:illed 7.352 5.413 4.830 6.615 4.775 7.020 
Unskilled 3.654 2.724 
-
3.050 
Elements 
Tools .541 .433 .474 
Nateria1s .1;39 .888 ~074 
Supervise .757 ;2S5 .207 
Heasure ,Level, Plumb .582 .355 ;613 
Hark & Saw 2.129 1~946 . ~16.3 
Fit & Nail 1~996 1~297 ~014 
Assist .369 ~696 .425 
Error 
-
.028 1.725 
Idle Personal .048 .196 
Idle Avoidable .205 
Idle Unavoidable 1.066 .334 
Remove Obstructions .466 .719 .081 
Lay Tar Paper .240 
Drill .020 .079 
Plaster & Tool Joint .650 
Mix & Tenper .oL~-2 
Set Glass .241 
On Job 2.075 2.700 6.615 6.100 7.020 
Total Time 11.006 C~l37 4.830 6.615 7~825 7.020 
Productive Time n.149 5.489 4.201 6.615 7.825 7.020 
Preparation Time 1.538 2.090 .629 
Non-productive Time 1.319 .558 
Appendix No. 45 
PAINTERS 
Hours Per Element Per Craft 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 17C.956 17e.o22 196.773 162.~20 204~285 198.076 
Skilled 168.182 170.896 189 .• 785 161.816 203.451 194.076 
Unskilled 10.774 7.126 6.938 1.004 .834 4.000 
Elements 
Tools 6.918 4.447 1.302 2.392 4.815 5.536 
Haterials 8.452 6.594 2.753 3.862 4.460 2.693 
Supervise 1.905 1.726 1.534 1.290 1.058 .743 
Fit & Nail 1.343 
. Assist .254 .310 1.320 
Error .184 .739 
Idle Personal 4.897 7.421 1.569 7.291 6.742 6.235 
Idle Avoidable 2.946 4.408 5.342 1.001 1.760 3.831 
Idle Unavoidable 12.618 2.945 .634 5.926 2,055 3.415 
Temporary Construction 1.121 2.170 .442 1.589 2.844 .694 
Remove Obstructions 2.102 4.403 .138 2.165 3.615 3.209 
Pour &Finish Concrete .066 
Paint 91.547 C7 ,032 21.242 40.760 74.332 58.979 
Lay Blocl: & Brick .761 
Mix & Temper 3.833 7.050 1.740 7.744 9.531 5.950 
Make Connections .879 
-Set Glass 2.106 7.871 3.900 .732 3.049 
Sandpaper 4.709 1.809 1.743 3.410 5.043 2~874 
On Job 35.364 36.114 15.3.034 84 .. 658 84.981 103.S51 
Total Time 178.956 178.022 196~773 162.820 204.285 198.076 
Productive Time 133.88-5 137.103 lS2.D53 130.850 168.473 166.513 
Preparation Time 24~426 25.422 6.375 17.752 25~255 18.082 
Non-productive Time 20.645 15.497 7.545 14.218 10.557 13~481 
Appendix No. 46 
GLAZERS 
Hours Per Element Per Craft 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 2.568 6.811 6.811 6.810 
Skilled 2.568 6.811 6.811 6.810 
Unskilled 
• 
--
til ;s. 
0 
Elements: '8 
Materials oM .251 ~ 
Supervise .038 ~ 
Idle Personal r;g .068 ] fJ Remove Obstructions 0 .196 ] ~ Set Ties or Clips z • 588 tiD 
Set Glass 1.427 .~ 
On Job N 6.811 6.811 6.810 Qj 
--
r-t 
I 
Total Time 2.568 ~ 6.811 6.811 6.810 
Productive Time 2.053 
Preparation Time .447 
Non-productive Time .068 
NOTE: "On Job" time for glazing the three masonry houses was divided equally. 
Appendix No. 47 
EXCAVATORS 
Hours Per Element Per Craft 
ouse F-1 F-2 F-3 M-1 H-2 M-3 
otal Hours 15.223 9~01:-6 13.138 9.453 14.663 7.944 
Skilled 7.048 4.942 2.845 4.074 6.470 5.721 
Unskilled 8.175 4.104 10.293 5.379 8.193 2.223 
1ements 
Tools .463 1.130 .532 .227 .164 
~1ateria1s .200 .550 
Supervise .860 .159 .368 .342 .855 
Measure,Level, Plumb .603 .502 .734 .966 1.076 
Assist .050 
Error .704 
Idle Personal .324 3.334 .869 .373 
-
.307 
Idle Avoidable 2.250 .050 1.503 .080 5.326 ,611 
Idle Unavoidable 3.178 .172 6.379 2.669 .277 ~-.451 
Temporary Construction l .300 .310 
Digging & Filling 5.844 4.26o .235 4.206 5.397 
Staking .629 .185 .326 
Machinery .954 .549 1.031 .271 1.440 .637 
Renove Obstructions .,118 .020 .030 .02S .059 
ota1 Time 15.223 9.01.,.6 13.138 9.453 14.663 7.944 
Productive Time g.890 5.470 2.553 3.075 4.918 l.L.,.92 
Preparation Time .581 .020 1.130 .562 .755 1.083 
Non- productive Time 5.752 3.556 9.455 5.816 8.990 5.369 
Appendix Ho . 48 
DRAIN TILE LAYERS 
Hours Per Element Per Craft 
House F-1 F-2 F-3 M-1 M-2 l-i-3 
Total Hours 25.522 26~079 29.a41 28.894 34.401 36.032 
Skilled 3.$58 11.268 2.908 .180 6~926 
Unskilled 21.664 14.811 26.933 28.714 27.47~ 36.032 
Elements 
Tools 2.899 .784 1~483 1.537 1.037 2.1J2 
Materials 1.142 2.72'5 4.303 1.711 1.664 2.102 
Supervise .537 2.025 ~115 . ;7?6 .813 .109 
Neasure, Level, Plumb .558 ~082 .044 .o66 ;228 .079 
Mark & Saw .176 ;ooe .673 
Fit & Nail .413 .223 .024 .041 1.520 
Assist .013 
Error ~ ~166 
Idle Personal .640 .580 .511 .419 2.019 .449 
Idle Avoidable 3~61C 2.867 1.251 3.957 2.881 1.099 
Idle Unavoidable .476 .203 .469 1.211 ~652 ;528 
Dieging & Filling 10.031 6.919 14~6ol 13.770 15.44.4 23.452 
Staking .078 
Remove Obstructions .052 .l2fJ ~008 .102 1.604 
Tiling 5.156 6.289 4.438 4.403 5.577 2.402 
Spread Gravel .005 .288 
Drill ... .053 
Nix &. ·Temper 
-
.612 .236 
On Job 3.073 2.350 3.700 
Total Time 25.522 26.079 29.841 28.894 34.401 36.032 
Productive Time 16.695 18.792 21.650 19~345 24.308 29.742 
Preparation Time . 4.093 3.637 5.794 3.962 4~541 4. 21ti: 
Non-productive Time 4.734 3.650 2.397 5.587 5.552 2.076 
Appendix No. 49 
PLUMBERS 
Hours Per Element Per Craft 
House F-1 F-2 F-3 M-1 M-2 M-3 
Total Hours 102.043 64.089 9S.464 (:fJ.357 86.910 90.232 
S1 .. illed 58.795 46.818 43.624 27~?13 62.891 35.839 
Unskilled 43.248 17.271 54.840 32.644 24.019 54.39:3 
Elements 
Too.ls 6,390 
1:,ia ter ials C.433 
Supervise 6.756 
l1easure ,Level, Pltllllb 1.906 
Hark & Saw .933 
Fit & Nail .518 
Assist 1~318 
Error .259 
Idle Personal 1.496 
Idle Avoidable 4955 
Idle Unavoidable 7.78' 
Temporary Construction .116 
Digging & Filling 18.400 
Remove Obstructions .108 
Drill .648 
Cut Pipe or Conduit 3.540 
Make Connections .137 
Cut for pipe or conduit .148 
Installation 
Fit & Secure conduit or 2.881 
pipe 
Plumbing Fittings 19.725 
On Job 18~593 64.089 98.464 t:IJ.357 86.910 90.232 
Total Time 102.043 64.089 98~464 60~3'57 86~910 90~232 
Productive Time 75.503 
Preparation Time 15.047 
Non-productive Time 11.493 
Appendix No. 50 
HEAT!NG SYSTEM 
Hours Per Element Per Craft 
House F-1 F-2 F-3 H-1 M-2 M-3 
Total Hours 42.872 40~0S7 56.607 44.369 36-~145 55.960 
Skilled 36~710 37.443 44.379 33.759 31.675 44.042 
Unskilled 6.162 2.644 12.228 10.610 4.470 11.918 
Elements 
Tools 2~064 1.442 .1;39 .4EIJ .SLl-3 .515 
Haterials 6.063 2.313 .319 1.125 1.744 .767 
Supervise 5.159 .724 .877. 2.139 1~032 .795 
l.feasure ,Level, Plumb 3.766 1 • .336 .922 1.660 1~805 .742 
Hark&. Saw 3.777 1.485 2.024 .195 2.040 2.777 
Fit &. Nail 5.542 2.262 2~515 3.976 ~823 3.040 
Assist 1.067 1.336 .108 1.119 1.370 .143 
Error ~455 .260 .023 3.372 3.459 
I C.le ?ers ona1· .177 .335 .159 ~137 .414 .515 
Idle Avoidable .250 .639 .1C4 .565 ~193 ~300 
Idle Unavoidable 1.093 . • 648 1.132 1.059 .559 .1-r36 
Temporary Construction .020 .195 .650 .102 
Renove Obstructions 2.009 1.107 J.254 1.664 1.085 .OJ4 
l-1iscellaneous 1.953 .764 
Electrical Hiring 2.3G3 
Drill .691 .129 .219 .899 .426 .510 
Nix & Temper .190 ... 
Set Ties or Clips ~064 .459 .180 . • 613 
Cut Pipe or Conduit 1.926 1.734 .895 2.672 
Hake Connections· .254 1.992 
Cut for conduit or pipe .7n3 .237 .283 
Installation 
Fit & Sect~e conduit or 2.127 .319 .940 2.699 2.801 
pipe 
Install Outlet 1.411-2 
Plumbing Fittings 5.396 1.624 ;... 
Apply Tape 1. 7tiJ 2.500 
On Job .189 17.363 40.967 19.316 15.175 41.947 
Total Time 42.872 40.087 56.60? 44.369 36.145 55.960 
?reductive Time 30.741 32.95S 52.406 35.885 31.307 49.954 
Preparation Time 10.156 ~ , .~21+7 -2~703 3.351 3.672 1.296 
Non-productive Time 1.975 1.882 1.498 5.133 1.166 4.710 
Append:L--c No. 51 
. ELEC'l'RICIANS 
Hours Per Element Per Craft 
House F-1 F-2 F-.3 M-1 M-2 M-3 
--
Total Hours 44.107 48 • .315 57.804 52~780 69.930 97.41.3 
Skilled .37.699 48.315 57.179 40.277 59.468 89.980 
Unskilled 6.408 .625 12.503 10.462 7.433 
Elements 
Tools 1.500 2.456 2.144 1.704 1.892 .907 
Haterials 4.027 6.348 2.730 3.113 3.468 .688 
Supervise 2.688 3.403 2.Sl0 3 • .310 4.060 .787 
Measure,Level, Plumb .159 .738 .452 .97.3 .628 .057 
Hark & Saw .023 .367 .127 .364 .009 
Fit & Nail .• 176 2.025 • .332 1.157 .51,_7 
Assi st 2.632 1.550 .678 2.147 4.1.38 
Error ,896 .230 .167 .045 .035 
Idle Personal 1.306 .390 .Jr:o 2.011 1.581 .910 
I dle Avoidable .757 .320 .32.3 • 3.35 3.447 
Idle Unavoidable 2.15.3 3.311 1 • .366 2.730 8.089 .287 
Temporary Const r uction .074 .032 .108 .016 .570 
Digging & Filling .952 .470 
Staki ng .320 • .362 
Remove Obstructions .08.3 .061 .210 .1.31 .L., 20 
His cel1~.neous • .330 
Electric Hiring 11.311 4 .• 934 4.904 8.854 11.647 
Drill .294 2.473 1.147 1.335 .445 
Set Ties or Clips .275 .216 
Cut Pipe or Conduit .541 
-
.797 1.366 1.393 .374 
Hake Ccnnections .863 .100 .556 .267 
Cut for Conduit or Pipe .053 1.117 .644 1.337 .346 
Installation 
Fit t.: Secure Conduit or .294 .918 1,316 1.7G3 1.641 .638 
Pipe 
Cut for Receptacle Out- .063 .129 1.506 .600 
let Installation 
Install Outlet 3.074 .3.440 4.740 3.987 8.345 2.724 
Pltmfuing Fittings .095 
Apply Tape .161 
On Job 9.942 13.294 33.230 14.542 16.119 87.657 
Total Time 44.107 /;-8 • .315 57.804 52.780 69.930 97.413 
Proc~ucti ve Time 33.3G5 35.125 50.662 42.544 51.271 97.413 
Pre~ration Time 5.610 fL 939 4.906 5.135 5.507 
Non-Prodtictive Time 5.112 4.251 2.236 5.101 13.152 
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TOTAL T Il.m PER HOWE 
House F-1 F-2 F-3 M-1 M-2 M.:..l_ 
Total Hours 2239.921 1895.910 1864.247 1943.877 2001.375 2084.896 
Skilled 1771.924 1430.867 1478.621 1412.381 1460.937 1451.329 
Unskilled 467.997 465.043 385.626 . 531.496 540.438 633.567 
Elements: 
Tools 97.434 76.055 60.980 74.538 71.856 56.538 
Materials 156.210 131.160 130.582 186.615 184.316 169.456 
Supervise 154. 7Jl4 87.924 90.693 98 .. 592 81.277 97.452 
Measure, Level, Plumb 123.115 96.555 88.884 89.438 83.374 85.881 
Mark and Saw 180.707 138.305 118.976 111.890 102.982 100.051 
Fit and Nail 523.065 398.6o8 341.059 305.031 300.605 325.819 
Assist 48.586 52.846 65.956 52.823 47.031 56.646 
Error 39.114 14.235 12.885 19.448 17.398 18.628 
Idle Personal 58.321 69.681 49.073 52.636 58.867 42.910 
Idle Avoidable 107.164 68.542 42.86o 59.481 47.903 38.241 
Idle Unavoidable 132.339 115.688 81.461 123.824 95.734 78.837 
Temporary Construction 52.935 52.067 47.132 58.345 46.182 37.687 
Digging and Filling 52.579 36.093 79.020 57.860 44.062 49.812 
Staking 3.509 5.834 4.029 2.629 3.028 4.246 
Machinery .954 .461 1.564 .225 1.386 .637 
Remove Obstructions 58.777 64.748 48.851 52.519 86.607 54.070 
Pour & Finish Concrete 26.020 23.725 5.543 26.086 24.930 4.506 
Strip Forms 2.482 .396 .523 2.463 .492 .148 
Tiling 5.156 6.~89 4.438 4.403 5.577 2.402 
Spread Gravel 6.442 2.021 3.534 3.213 2.306 
Miscellaneous 1.598 2.288 .764 .122 
Paint 96.281 90.658 25.871 60.332 81.829 67.321 
Electrical Wiring 11.311 4.934 . 7.287 8.854 11.807 .428 
Lay Tar Paper 1.429 1.374 11.194 10.025 15.084 6.533 
Drill 8.434 7.421 4.746 7.142 5.467 4.081 
Lay Block & Brick 30.246 22.816 17.232 86.567 99.862 100.808 
Plaster & Tool Joint 3.837 5.887 1.096 36.528 50.746 11.608 
Mix and Temper 16.294 22.362 18.280 38.895 43.447 32.044 
Caulk 1.657 .908 .274 .035 .194 1.202 
Set Ties or Clips .414 1.322 .565 3.349 2.375 1.212 
Cut Pipe or Conduit 6.007 1.734 .797 2.261 4.065 .374 
&~ke Connections 1.254 2.971 .683 .267 
Cut for Conduit or Pipe 
Installation .984 1.354 .927 1.337 .346 
Fit & Secure Conduit/Pipe 5.302 1.237 2.256 4.482 4-442 .638 
Cut for Receptacle Outlet .063 .129 1.506 .600 
Install Outlet 3.394 3.440 6.182 3.987 8.345 2.724 
Set Glass 18.128 9.451 8.669 2.583 5.100 2.304 
Plumbing Fittings 25.121 6.524 1.234 1.095 .929 
Install Insulation 3.022 7.203 2.613 5.439 4.559 1.816 
Apply Tape 37.650 39.813 24.201 15.374 16.471 5.098 
Sandpaper 28.434 22.295 10.092 4-513 19.200 lO.o62 
On Job 109.448 198.685 444.720 266.338 319.048 611.401 
Total Time 2239.921 1895.910 1864.247 1943.877 2001.375 2084.896 
Productive Time 1520.656 1281.3TI 1372.294 1272.612 1344.447 1557.722 
Preparation Time 381.647 340.952 305.096 410.896 42.7.152 347.986 
Non-productive Time 337.618 273.581 186.857 260.369 229.776 179.188 
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Trade 
Carpenter 
Cement Worker 
Mason 
Plasterer 
Electrician 
Plumber 
Heating 
Painter 
Linoleum Layer 
l.fu.chine Opera tor 
Miscellaneous 
TOTAL 
F-1 
Man- J % 
Hours 1 Total 
l 
-88 i 4.0 
I 
120 1 5.5 
- -
44 I 2.o 
l 102 I 4.6 
i 
l 42 I 2.0 
l 
I 
15 t 
l 
25 1 
2,217 1· 
j 
8.0 
.. 5 
.7 
100 
PERCENTAGE OF TOTAL LABOR - BY CRAFTS PER HOUH.S 
F-2 
Man- % 
Hours Total 
1,282 70.0 
82 4.6 
87 f 4.6 
! 
- t -l 
48 i 2.6 
64 I 3.6 
I. 
40 i 2.3 
I 
178 I 9.8 . 
I 
i g J .5 
9 t .5 
I 
26 1 1.5 
1,824 100 
F-3 
Man- t % 
' Hours 1 Total 
I 
1,240 65.0 
119 6.5 
77 4.2 
- -
57 3.0 
9B 5.4 
56 3.0 
196 10,0 
5 1 .3 
13 I 8 I • 
I 
.32 I 1.8 
M-1 
Han- : % 
Hours I Total 
97711 50.6 
98 5.0 
394 1 20.4 
I 
98 I 5.0 
52 2.7 
fJJ 3.1 
44 2.3 
162 8.4 
7 .4 
9 .5 
30 1.6 
1,931 100 
M~2 
Man- % 
Hours : Total 
i 970 j 
i 
109 1 
335 t 
l 
100 t 
69 ! I 
86 ' 
f 
36 1 
I 
204 I 
l 
8 I I 
15 ! 
I 
I 
36 1 
l ,. 
1,968 i 
49.0 
5.6 
17.0 
5.2 
3.5 
4.4 
1.9 
10.4 
.8 
1.8 
100 
M~.4o,3 __ • 
Man- % 
Hours Total 
932 46.0 
120 5.9 
388 19.0 
96 4.7 I 
97 4.8 
90 4.5 
55 t 2.s 
198 l 9.8 
.4 8 I. 
37 1.8 
2,028 100 
IDLE TIME 
Hours Per Craft House F-1 
Idle Hours per A pproxit1a te 
Time C.re.ft _ Percentage 
1. Carpenter 
Skilled-------- 127 13.37 ~ 
Unskilled------- 90 263 34% 
2. Ce!ilent Workers 
Skilled-------- 6 31 19% 
Unsl~illed--- 16 51 31% 
3 • . Iiason· 
Skilled------- 7 59 12% 
Unskilled----- 11 49 22% 
4. Electrician 
Skilled------ 4 37 ' 10% 
Unskilled----- .1 6 .ol% 
5. Painter· 
Skilled---.. ·-- 15 156 9% 
6. Linoleum· 
Skilled------- ~7 7 10% 
Unskilled------- .1 4 2% 
7. Machine Operator· 
Skilled---------· 2 10 - 20% 
Unskilled------- 10 39 26% 
Total Hours---·- 288.9 2049 14% 
Appendix No .. 55 
MATERIAL SPECIFICATIONS 
1. Frame Houses 
Basement 
Footings - concrete 
Foundation walls - concrete block, (Haydite 8 x 8 ;x 16") 
Basement floor - 411 concrete on 4" gravel fill 
Drain tile - 411 open joint farm tile around exterior -
connected to sump in basement. 
Waterproofing - 3/4n cement plaster on exterior and brush coat 
of cold asphalt emulsion waterproofing. 
Windows - wood sash and frames, concrete sill. 
First Floor 
Dampproofing - asphalt roll roofing. 
Plate and floor joists ·- fir. 
Subfloor - fir shiplap. 
Building paper - Neponsit 
Finish flooring - 3/411 prefinished red oak, linoleum on kitchen 
and bath over 5/8" pl:f'IOod. 
Exterior 'Hall 
Siding - 1/2 x B" redwood 
Sheathing - 25/32" fiber board 
Studs - 2 x 4" fir, 24" oc. 
Interior finish - 1/2" recessed-edge gypsum board with fcril back. 
Plate - double plate at top, single plate at bottom. 
l.tlindows - double hung lrood sash. 
Cornice - wood gutter facia and soffit. 
Partitions 
Finish material ... 1/2" GYPsum board, recessed edge, plain back 
Studs - 2 x 4 - 24" oc (some 2 x 2 and 2 x 4 flat) 
Plate - single plate top and bottom. 
Roof and Ceiling 
Ceiling material - 1/2" recessed edce gypsum board 
Ceiling joists - 2 x 4", ?..4" oc. · 
Ceiling insulation - 4n rocla...rool. 
Rafters- 2 x 6", 2411 oc. 
Rf)of sheathing - 1 J: 6" tong;ue and groove fir •. 
Roofing - 15 pound felt and 210 pound asphalt strip shineles. 
Trim and Doors 
Trim - white pine throughout, 2-1/2" molded casing, 411 base and 
shoe. 
Doors - House No. 1 - sij~ panel pine. 
House No. 2 - h.vo panel fir. 
House No. 3 - flush birch. 
Kitchen cabinets - factory-made :rine, unfinished. 
Appendix No. 56· 
Painting 
Exterior - t\-ro coats prepared paint, 
Interior - walls and ceiling - perfa tape joint treatment, texture 
paint and one coat of water-thinned paint e:;:cept in bath 
and kitchen t-rhich received two coats of oil paint. 
Interior woodwork - prime coat and one finish coat of semi-eloss. 
Electrical Wiring 
Basement - steel tube conduit 
Above First Floor Line - non-metallic cable. 
Heating 
Gravity warm air oil-fired furnace, 
Floor registers in Houses No, 1 and No. 2 
Baseboard registers in House No. 3. 
Plumbing 
4" house sewer to 51·0" outside building and vent stack, cast iron • 
. Lavatory, sink· and tub wastes1 lead, all fixtures vented. 
Water Service - 3/ 4" copper 
vJater Piping - galvanized steel pipe • 
2. Masonry Houses 
Foundation - 12" concrete block, steel basement sash, other\-Tise same as 
for frame houses. 
First Floor - Same as frame houses 
Exterior Hall - 1011 cavity type masonry, 411 of brick, 2" air space, and 
411 concrete block plastered directly on block over as-
phalt water~oofing. 
Windows - Steel sash with wood surrounds. 
Balance of house exactly as in frame houses. 
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PRODUCERS' COUNCIL SUBCOMMITTEE ON CONSTRUCTION METHODS 
G. E. Abbey 
L. H. Yeager 
Gypsum Association 
330 South Wells Street 
Chicago 6, Illinois 
K. C. Ackad 
Crane Company 
1225 Eye Street, N. W. 
Washington 5, D. C. 
W. D. Allan 
Portland Cement Association 
33 West Grand Avenue 
Chicago 10, Illinois 
James T. Baldwin 
David S • Miller 
Armstrong Cork Company 
Lancaster, Pennsylvania 
I. L. Birner 
The Celotex Corporation 
120 South LaSalle Street 
Chicago, Illinois 
A. Carl Bredahl 
Westinghouse Electric Corporation 
511 Wood Street 
Pittsburgh, Pennsylvania 
W. F. Clucas 
National Assn. of Master Plumbers 
1105 K Street, N. W. 
Washington 5, D. C. 
Dudley T. Colton 
Johns-Manville Research Laboratory 
Manville, New Jersey 
R. A. Glaze 
Ortie LaVoy 
Weyerhaeuser Sales Company 
First National Bank Building 
St. Paul, Minnesota 
R. C. Kimbell 
National Lumber Manufacturers Assn. 
1319 18th Street, N. W. 
Washington, D. C. 
A. Gordon Lorimer, Architect 
116 John Street (Room 1101) 
New York, N. Y. 
H • E • !tlachamer 
Ceco Steel Products Corporation 
5701 West 26th Street 
Chicago 50, Illinois 
Charles M. Mortensen, Exec. Seay. 
The Producers' Council, Inc. 
815 - 15th Street, N. W. 
Washington 5, D. C. 
H. R. Northup 
Paul W. Watson 
National Retail Lumber Dealers Assn. 
18th and M Streets , N. W. 
Washington, D. C. 
J. F. Peelle 
Richmond Fireproof Door Company 
Richmond, Indiana 
Harry C. Plummer 
Structural Clay Products Institute 
1756 K Street, N. W. 
Washington, D. C. 
W. C • Randall 
W. B. Anderson 
Detroit Steel Products Company 
2250 East Grand Boulevard 
Detroit., Michigan 
Tyler S. Rogers 
Owens-Corning Fiberglas Corporation 
Toledo, Ohio 
R. A. Schaub 
Northern Indiana Lumber & Coal Company 
114th & Lake Avenue 
Whiting, Indiana 
Romer Shawhan 
Marbal Institute of America, Inc. 
108 Forster Avenue 
Mt. Vernon, New York 
Harold Ladd Smith 
Vermont Marble Company 
101 Park Avenue 
NewYork, N.Y. 
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